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PREFACE. 


The  present  edition  of  this  work,  in  its  general  ground-plan, 
is  essentially  identical  with  those  which  have  preceded  it ;  but 
it  has,  nevertheless,  been  subjected  to  very  considerable  modi- 
fications in  detail.  The  original  aim  of  the  work  was  to  give, 
in  as  clear  and  concise  a  form  as  possible,  the  chief  parts  of 
Systematic  Zoology,  and  to  give  only  such  a  selection  from 
these  as  could  be  readily  made  available  by  ordinary  students. 
In  the  present  edition  this  aim  has  been  faithfully  adhered  to, 
and,  it  is  hoped,  has  been  more  thoroughly  carried  out  than 
on  previous  occasions. 

While  in  the  main  preserving  its  original  basis,  the  entire 
work  has  been  submitted  to  careful  revision,  and  large  portions 
of  it  have  been  almost  entirely  rewritten.  A  very  considerable 
amount  of  new  matter  has  been  added  ;  but  an  undue  increase 
in  the  size  of  the  book  has  been  prevented  by  the  expedient 
of  printing  portions  of  the  text  in  small  type.  Some  space 
has  also  been  gained  by  the  omission  of  the  synoptical  tables 
of  the  families  of  the  various  orders  and  classes  of  the  animal 
kingdom,  which  were  inserted  in  former  editions;  and  the 
space  thus  gained  has  been  largely  taken  by  bibliographical 
lists,  indicating  for  each  great  division  of  animals  the  more 
important  sources  to  which  the  student  may  look  for  original 
information. 

Much  of  the  increase  in  the  bulk  of  this  edition  is  further 
due  to  the  fact  that  nearly  one  hundred  additional  illustrations 
have  been  introduced,  which,  it  is  believed,  will  materially 
assist  in  the  comprehension  of  the  text.    In  connection  with 
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this  subject,  the  author  has  to  record  here  his  thanks  to  Messrs 
A.  &  C.  Black  for  their  kindness  in  permitting  him  to  use 
several  of  the  engravings  (viz.,  figs.  6i,  64,  65,  66,  69,  71, 
73?  75>  76,  209,  211,  and  212)  from  his  articles  on  Corals 
and  Cuttle-fishes  in  the  ninth  edition  of  the  '  Encyclopaedia 
Britannica.' 

The  only  other  point  which  appears  to  require  notice  relates 
to  the  classification  here  adopted.  This  classification,  as  in 
the  previous  editions  of  the  work,  is  based  essentially  upon  the 
views  put  forth  by  Professor  Huxley  in  his  masterly  treatise, 
entitled  '  Lectures  on  the  Elements  of  Comparative  Anatomy, '- 
published  in  1864.  The  reader  will  find  a  good  many  minor 
changes  in  this  classification,  necessitated  by  the  recent  pro- 
gress of  Zoological  science.  Thus,  the  new  groups  of  the 
Hydrocorallinae  and  Helioporidse  of  Mosely  have  been  duly 
recognised ;  the  discovery  of  the  tracheal  system  of  Peripatus 
has  enriched  the  Myriapoda  with  a  new  order :  the  Therio- 
dontia  of  Owen  have  been  added  to  the  already  numerous 
groups  of  the  extinct  Reptiles ;  the  orders  Odontolcse  and 
Odontotormse  of  Marsh,  collectively  forming  the  new  sub-class 
Odontornithes,  are  accessions  to  the  class  of  Birds ;  and  through 
the  researches  of  the  last-named  distinguished  palaeontologist, 
the  domain  of  Mammalian  life  has  been  extended  by  the  estab- 
lishment of  the  Tillodontia  and  Dinocerata. 

In  the  main,  however,  the  author  has  not  thought  it  neces- 
sary to  depart  from  the  broad  outlines  of  the  systematic 
arrangement  of  animals  originally  adopted  by  Professor  Hux- 
ley, to  which  he  finds  himself  still  able  to  give  his  hearty 
adhesion.  The  student  of  some  of  the  more  recent  German, 
American,  and  English  zoological  publications  would,  how- 
ever, find  himself  confronted  with  a  classification  of  more 
modern  origin,  and  in  many  fundamental  points  essentially 
difi"erent  from  the  one  followed  here.  Thus,  to  speak  only  of 
conspicuous  instances,  he  would  find  the  Sponges  placed  with 
the  Coelenterata ;  the  Rugose  Corals  would  be  side  by  side 
with  the  Jelly-fishes  in  the  class  of  the  Hydrozoa ;  the  Polyzoa 
and  Brachiopoda  would  be  met  with  in  the  ''Vermes,"  in  the 
immediate  neighbourhood  of  the  Annelides ;  and  in  looking 
for  the  Tunicates  he  would  either  have  to  direct  his  search  to 
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the  group  just  mentioned,  or  he  might  even  light  upon  the 
object  of  his  quest  at  the  bottom  of  the  Vertebrate  sub- 
kingdom. 

That  these  and  other  similar  changes  have  not  been  adopted 
here  demands  a  few  words  of  explanation.  In  the  first  place, 
the  present  work  is  intended  principally  for  the  guidance  of 
general  students,  and  the  author  is  of  opinion  that  it  would 
for  this  reason  be  improper  to  introduce  into  it  any  schemes 
of  classification  which  have  not  been  accepted  with  tolerable . 
unanimity  by  naturalists  in  general.  Most  or  all  of  the  above- 
mentioned  innovations,  however,  though  supported  by  many 
and  distinguished  names,  are  opposed  by  others  of  equal 
eminence.  They  may  ultimately  turn  out  to  be  based  on 
nature,  but,  in  the  meanwhile,  they  have  not  received  anything 
like  universal  acceptance. 

In  the  second  place,  most  of  these  proposed  changes  of 
classification  are  founded  upon  a  study  of  the  developmental 
phenomena  of  animals.  Some  highly  distinguished  zoologists 
hold  that  embryological  characters  will  ultimately  prove  to  be 
the  true  basis  of  classification ;  but  in  this  view  the  author 
unfortunately  is  at  present  hardly  prepared  to  concur.  On  the 
contrary,  the  author  finds  himself  in  the  position  of  being  un- 
able to  believe  that  any  general  system  of  classification  can 
maintain  its  ground  unless  it  be  based  upon  the  morphological 
characters  exhibited  by  adult  animals.  He  would  not  be  held 
as  denying,  or  even  as  depreciating,  the  importance  of  embry- 
ological studies,  but  he  is  unable  to  believe  that  the  transitory 
characters  of  the  young  animal  can  have  the  same  general 
value  in  classification — for  the  purposes,  at  any  rate,  of  ordi- 
nary students — as  have  the  characters  drawn  from  the  fully 
developed  organism. 

In  the  third  place,  if  the  author  had  here  adopted  one  of 
the  most  modern  classifications  of  the  animal  kingdom,  as 
advocated  by  those  who  hold  that  embryology  is  the  true  key 
to  taxonomy,  he  would  have  no  guarantee  that  he  might  not 
be  called  upon  to  fundamentally  alter  his  arrangement  within 
a  year  or  two.  For  embryologists  are  not  agreed  as  to  the  true 
import  of  the  phenomena  of  the  development  of  many  ani- 
mals, and  some  of  our  highest  authorities  in  this  department 
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of  investigation  deduce  diametrically  opposite  conclusions 
from  their  study  of  the  same  phenomena. 

Lastly,  there  are  cases  in  which  the  author  has  preferred  to 
retain  even  an  antique  classification,  rather  than  accept  any 
one  of  many  arrangements  which  are  based  upon  methods  of 
inquiry,  which  are  of  the  greatest  possible  value  to  the  com- 
parative anatomist  pure  and  simple,  but  which  are  unavailable 
for  the  purposes  of  those  who  merely  wish  to  acquire  a  general 
but  systematic  knowledge  of  Zoology.  The  class  of  Birds 
offers  a  case  in  point.  In  this  instance,  the  author  has  pre- 
ferred to  retain,  with  some  modifications,  an  old  and  only  par- 
tially natural  classification,  because  the  only  available  substi- 
tutes are  arrangements  which  are  purely  morphological,  and 
which  are  based  upon  the  observed  variations  in  single  struc- 
tures. Classifications  of  this  kind,  though  of  the  utmost  use 
to  the  genuine  comparative  anatomist,  can  never  be  thoroughly 
natural,  and  they  are,  at  any  rate,  unsuited  for  any  but  very 
advanced  students  of  the  science. 

In  conclusion,  the  author  can  only  express  his  regret  that 
the  fact  that  almost  the  whole  of  this  work  had  passed  through 
the  press  before  the  middle  of  October  last,  should  have  pre- 
cluded him  from  in  any  way  availing  himself  of,  or  in  some 
cases  even  from  mentioning  in  the  bibliographical  lists  of  refer- 
ences, some  highly  valuable  works  of  recent  appearance,  among 
which  the  '  Atlantic,'  by  Sir  Wyville  Thomson,  the  '  Morphol- 
ogy of  the  Skull,'  by  Professor  Parker  and  Mr  Bettany,  and 
Professor  Huxley's  '  Comparative  Anatomy  of  Invertebrated 
Animals,'  may  be  specially  alluded  to. 

United  College,  St  Andrews, 
ApHl  2,  1878. 
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MANUAL    OF  ZOOLOGY. 


GENERAL  INTRODUCTION. 

I.  Definition  of  Biology  and  Zoology. 

Natural  History,  strictly  speaking,  and  as  the  term  itself 
implies,  should  be  employed  to  designate  the  study  of  all 
natural  objects  indiscriminately,  whether  these  are  endowed 
with  life,  or  exhibit  none  of  those  incessant  vicissitudes  which 
collectively  constitute  vitality.  So  enormous,  however,  have 
been  the  conquests  of  science  within  the  last  century,  that 
Natural  History,  using  the  term  in  its  old  sense,  has  of 
necessity  been  divided  into  several  more  or  less  nearly  related 
branches. 

In  the  first  place,  the  study  of  natural  objects  admits  of  an 
obvious  separation  into  two  primary  sections,  of  which  the 
first  deals  with  the  phenomena  presented  by  the  inorganic 
world,  whilst  the  second  is  occupied  with  the  investigation  of 
the  nature  and  relations  of  all  bodies  which  exhibit  life.  The 
former  department  concerns  the  geologist  and  mineralogist, 
and  secondarily  the  naturalist  proper  as  well;  the  latter 
department,  treating  as  it  does  of  living  beings,  is  properly 
designated  by  the  term  Biology  (from  ^t'os,  life,  and  Adyos,  a 
discourse).  Biology,  in  turn,  may  be  split  up  into  the  sciences 
of  Botany  and  Zoology,  the  former  dealing  with  plants,  the 
latter  with  animals;  and  it  is  really  Zoology  alone  which  is 
nowadays  understood  by  the  term  Natural  History. 

In  determining,  therefore,  the  limits  and  scope  of  Biology, 
we  are  brought  at  the  very  threshold  of  our  inquiry  to  the 
question.  What  are  the  differences  between  dead  and  living 
bodies?  Before  considering  this  point,  however,  it  will  be 
advisable  to  discuss  briefly  the  characters  which  in  a  general 
way  distinguish  what  are  known  as  "organic"  from  "  inor- 
ganic  "  bodies. 
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2.  Differences  between  Organic  and  Inorganic 

Matter. 

The  terms  "  organic "  and  "  inorganic,"  as  applied  to  the 
various  kinds  of  matter  of  which  the  universe  is  composed,  had, 
to  begin  with,  a  very  definite  signification;  the  latter  being 
applied  to  all  those  forms  of  matter  which  exist  independently 
of  the  operation  of  living  beings,  whilst  all  kinds  of  matter 
produced  by  the  vital  chemistry  of  living  beings  were  grouped 
together  under  the  former  title.  "  Inorganic  "  Chemistry,  for 
example,  was  that  department  of  chemical  science  which  dealt 
with  the  latter  class  of  bodies  ;  while  "  Organic  "  Chemistry 
concerned  itself  wholly  with  those  of  the  former  group.  Even 
at  an  early  period,  however,  some  confusion  was  created  by 
the  necessity  of  employing  the  term  "organic"  for  accumula- 
tions of  inorganic  matter  which  had  at  one  time  entered  into 
the  composition  of  living  beings.  Thus,  limestone  is  in  one 
sense  inorganic,  since  carbonate  of  lime,  of  which  it  is  formed, 
occurs  in  nature  quite  independently  of  the  operation  of  living 
beings.  In  another  sense,  however,  most  limestones  are  or- 
ganic, since  the  lime  of  which  they  are  composed  has  been  in 
the  main  derived  from  the  skeletons  of  animals  or  plants. 

At  the  present  day,  the  term  "  organic  "  has  been  widely 
extended  in  its  significance  by  the  wonderful  discoveries  of 
modern  science  ;  and  "  Organic  Chemistry,"  as  it  is  still  com- 
monly called,  embraces  a  much  more  extensive  field  of  inves- 
tigation than  would  be  afforded  merely  by  those  substances 
which  are  actually  manufactured  by  living  beings.  In  addi- 
tion, namely,  to  substances  like  starch,  sugar,  fat,  and  other 
bodies  which  are  produced  solely  by  the  living  organism,  and 
which  cannot  at  present  be  artificially  generated,  we  embrace 
under  the  name  of  "  Organic  Chemistry "  a  vast  number  of 
compounds  which  are  not  produced  by  living  beings,  but  are 
artificially  manufactured  by  the  chemist  in  the  laboratory. 
These  compounds  are  derived  by  various  chemical  processes 
from  strictly  organic  substances,  which  are  in  reality  the  pro- 
duct of  vital  action,  and  they  might  therefore  be  appropriately 
called  "  secondary  organic  bodies." 

The  link  between  the  primary  and  secondary  organic  bodies 
is  afforded  by  substances  such  as  urea,  which  is  one  of  the  most 
characteristic  of  animal  products,  and  which  was  for  a  long 
time  unknown  except  as  resulting  from  animal  life.  It  is  now 
known,  however,  as  first  showed  by  Wohler,  that  urea  is  in 
chemical  composition  identical  with  cyanate  of  ammonia,  a 
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substance  which  can  be  manufactured  on  any  desired  scale  in 
the  laboratory.  We  may  reasonably  anticipate  that  the  result 
of  more  extensive  chemical  researches  will  be  very  largely  to 
increase  the  number  of  bodies  which,  at  present  recognised 
exclusively  as  the  products  of  vital  action,  will  ultimately  be 
found  capable  of  being  artificially  manufactured. 

It  need  hardly  be  added,  that  the  term  "organic,"  as  applied 
to  any  substance,  in  no  way  relates  to  the  presence  or  absence 
of  life.  The  materials  which  compose  the  living  body  are,  of 
course,  "organic"  in  the  main,  but  they  are  equally  so  after 
death  has  occurred — at  any  rate  for  a  certain  time — and  some 
of  them  continue  to  be  so  for  an  indefinite  period  after  life  has 
departed.  Sugar,  for  example,  is  an  organic  product;  but  in 
itself  it  is  of  course  dead,  and  it  retains  its  stability  after  the 
organism  which  produced  it  has  lost  all  vitality. 

The  following  are  the  more  important  characters  which  dis- 
tinguish the  various  organic  substances,  whether  directly  pro- 
duced by  living  beings,  or  secondarily  formed  by  chemical 
processes  of  different  kinds  : — (i).  Inorganic  bodies  are  com- 
posed of  a  large  number  of  elements  ;  and  these  elements  are 
either  simple  and  uncombined,  or  they  are  associated  into 
simple  compounds,  which  rarely  consist  of  more  than  two  or 
three  elements  united,  and  are  therefore  called  "binary  "or 
"  ternary "  compounds.  On  the  other  hand,  organic  bodies 
are  composed  of  few  elements,  and  these  are  almost  always 
combined.  Indeed,  there  are  only  four  principal  organic  ele- 
ments, namely.  Carbon,  Hydrogen,  Oxygen,  and  Nitrogen;  and 
of  these  the  first  is  so  much  the  most  important,  that  Organic 
Chemistry  has  been  appropriately  termed  the  "  Chemistry  of 
Carbon."  Furthermore,  the  combinations  of  the  elements  in 
organic  compounds  are  complex,  the  resulting  substances  be- 
ing mostly  "  ternary,"  "  quaternary,"  or  "  quinary  "  compounds ; 
and  there  is  generally  a  larger  number  of  atoms  or  equivalents 
of  the  combining  elements  than  is  usually  the  case  among  inor- 
ganic bodies.  Thus,  carbonate  of  lime  consists  of  no  more 
than  one  atom  of  Calcium,  one  of  Carbon,  and  three  of  Oxy- 
gen. On  the  other  hand,  albumen,  which  may  be  taken  as'a 
typical  organic  substance,  consists  of  144  atoms  of  Carbon, 
no  atoms  of  Hydrogen,  18  atoms  of  Nitrogen,  42  atoms  of 
Oxygen,  and  2  atoms  of  Sulphur.  Haemoglobin  (the  red  col- 
ouring-matter of  the  blood),  again,  is  stated  by  Thudichum  to 
consist  of  no  less  than  1875  atoms  of  no  more  than  six  ele- 
ments. Iron,  however,  exists  in  the  blood,  not  improbably  in 
its  elemental  condition ;  and  copper  has  been  detected  in  the 
liver  of  the  mammalia,  and  largely  in  the  red  colouring-matter 
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of  the  feathers  of  certain  birds,  in  the  latter  instance  being  in 
a  condition  of  loose  chemical  combination. 

(2).  As  the  result  of  the  large  number  of  atoms  which  enter 
into  the  composition  of  organic  bodies,  we  find  that  substances 
of  this  class  are  singularly  unstable — the  stability  of  all  chemical 
combinations,  even  amongst  inorganic  bodies,  generally  de- 
creasing in  direct  proportion  to  the  increased  number  of  atoms 
associated  in  the  compound.  Organic  bodies,  being  composed 
of  much  larger  aggregations  of  atoms  than  inorganic,  are  pro- 
portionately more  unstable ;  and  this  instability  is  increased 
by  the  fact  that  many  organic  substances  contain  Nitrogen,  an 
element  of  feeble  and  undecided  affinities,  and  also  by  the  fact 
that  all  those  which  are  of  natural  and  normal  occurrence  in 
the  living  body,  are  in  this  state  more  or  less  completely  per- 
meated with  water. 

Hence,  the  primary  organic  substances,  such  as  enter  directly 
into  the  composition  of  living  beings,  are  so  unstable  that  we 
usually  speak  of  them  as  decomposing  or  breaking  up  "  spon- 
taneously," when  removed  from  the  influence  of  the  living 
organism.  So  long  as  they  form  part  of  the  actually  living 
body,  they  are  to  some  extent  stable,  but  when  removed  from 
this  they  require  nothing  more  than  the  presence  of  oxygen,  the 
existence  of  moisture,  and  a  moderate  degree  of  warm.th,  to 
insure  their  decomposition.  These  conditions,  though  essen- 
tial, are  so  universally  present,  that  animal  and  vegetable  mat- 
ters are  generally  considered  as  liable  to  decay  "of  themselves." 
If,  however,  such  substances  be  deprived  of  access  of  air,  or  be 
frozen,  or  have  their  water  driven  off  by  desiccation,  they  are 
capable  of  retaining  their  chemical  composition  for  an  appa- 
rently indefinite  period  of  time ;  and  one  or  other  of  these  con- 
ditions is  carried  out  in  all  processes  which  have  as  their  end 
the  preservation  unchanged  of  the  organic  substances  which 
form  the  bodies  of  animals  and  plants. 


3.  Differences  between  Dead  and  Living  Bodies. 

Whilst  all  living  bodies,  whether  animal  or  vegetable,  are 
composed  essentially  of  organic  substances,  there  are  never- 
theless associated  with  the  living  organism  larger  or  smaller 
amounts  of  matter  which  is  practically  dead.  On  the  other 
hand  there  are  numerous  secondary  organic  products  which  at 
no  time  enter  into  the  composition  of  living  bodies,  and  which 
are  therefore  just  as  much  "dead"  substances  as  the  genuine 
inorganic  substances. 
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The  general  distinctions  between  dead  and  living  matter 
are  the  following  : — 

(a).  Mode  of  Increase. — Living  bodies  possess  the  power  of 
taking  into  their  interior  certain  materials  (food),  foreign  to 
those  composing  their  own  substance,  and  of  converting  these 
into  the  materials  of  which  they  are  themselves  built  up.  This 
process  is  known  as  "  assimilation,"  and  it  is  in  virtue  of  this 
that  living  bodies  grow.  The  growth  of  the  organism,  there- 
fore, and  its  increase  in  size,  is  not  effected  by  the  mere 
addition  of  matter  from  the  outside,  but  by  the  taking  of 
matter  into  the  interior  of  the  body,  and  its  modification 
there. 

On  the  other  hand,  when  dead  bodies  increase  in  size  (as 
crystals  do  in  supersaturated  solutions),  this  is  eff"ected  simply 
by  the  addition  of  particles  from  the  outside,  or,  as  it  is 
technically  called,  by  the  "  accretion,"  instead  of  by  the 
"intussusception"  of  matter.  The  newly  added  particles 
undergo  no  change  from  their  previous  constitution,  and  the 
essential  element  of  "  assimilation  "  is  thus  wanting,  so  that 
the  process  is  in  no  sense  one  of  "  growth  "  properly  so  called. 

{h).  Cyclical  change. — All  dead  matter  tends  to  assume  a 
condition  of  permanent  stability  and  repose.  Living  matter, 
on  the  other  hand,  is  pre-eminently  distinguished  by  its  ten- 
dency to  pass  through  a  series  of  cycHcal  changes,  all  the 
actions  of  living  bodies  being  accompanied  by  a  correspond- 
ing destruction  of  the  matter  by  which  these  actions  are 
effected.  All  these  cyclical  changes  are  effected  by  the  slow 
but  incessant  reduction  of  the  living  matter  of  the  organism  to 
the  non-living  condition.  Active  life,  therefore,  can  only  be 
carried  on  by  the  constant  destruction  of  portions  of  the  living 
matter  of  the  body ;  and  to  meet  the  loss  thus  caused,  it  is 
necessary  that  a  corresponding  amount  of  non-living  matter 
should  be  constandy  "  assimilated,"  and  raised  from  the 
statical  condition  of  dead  matter  to  the  dynamical  condition 
of  living  matter. 

{c).  Relations  to  the  Outside  World. — Dead  bodies  are  sub- 
ject to  the  physical  and  chemical  forces  of  the  universe,  and  have 
no  power  of  suspending  these  forces,  or  modifying  their  action, 
even  for  a  limited  period.  On  the  other  hand,  living  bodies, 
whilst  subject  to  the  same  forces,  are  the  seat  of  something  in  vir- 
tue of  which  they  can  override,  suspend,  or  modify  the  actions 
of  the  physical  and  chemical  forces  by  which  dead  bodies  are 
exclusively  governed.  Dead  matter  is  completely  passive, 
unable  to  originate  motion,  and  equally  unable  to  arrest  it 
when  once  originated.    Living  matter,  so  long  as  it  is  living, 
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is  the  seat  of  e?wgy,  and  can  overcome  the  primary  law  of  the 
inertia  of  matter.  However  humble  it  may  be,  and  even  if 
permanently  rooted  to  one  place,  every  living  body  possesses, 
in  some  part  or  other,  or  at  some  period  of  its  existence,  the 
power  of  independent  and  spontaneous  movement — a  power 
possessed  by  nothing  that  is  dead.  Similarly,  the  chemical 
forces,  which  work  unresisted  amongst  the  particles  of  dead 
matter,  are  in  the  living  organism  directed  harmoniously  to 
given  ends,  their  action  regulated  under  definite  laws,  and 
their  natural  working  often  strikingly  modified,  or  even  tem- 
porarily suspended,  and  this  as  effectually  and  as  perfectly  in 
the  humblest  as  in  the  highest  of  created  beings. 

As  a  result  of  this,  dead  bodies  exhibit  nothing  but  reactions^ 
and  these  purely  of  a  physical  and  chemical  nature,  whilst  they 
show  no  tendency  to  pass  through  periodical  changes  of  state. 
On  the  other  hand,  living  bodies  exhibit  distinct  actions,  and 
are  pre-eminently  characterised  by  their  tendency  to  pass 
through  a  series  of  cyclical  changes,  which  follow  one  another 
in  a  regular  and  determinate  sequence. 

{d).  Reproduction. — Every  living  body  has  the  power  of  re- 
producing its  like.  Directly  or  indirectly,  every  living  body 
has  the  power  of  giving  off  minute  portions  of  its  own  sub- 
stance, which,  under  proper  conditions,  will  be  developed  into 
the  likeness  of  the  parent. 

4.  Nature  and  Conditions  of  Life. 

Life  has  been  variously  defined  by  different  writers.  Bichat 
defines  it  as  "the  sum  total  of  the  functions  which  resist 
death;"  Treviranus,  as  "the  constant  uniformity  of  pheno- 
mena with  diversity  of  external  influences  ; "  Duges,  as  "  the 
special  activity  of  organised  bodies  and  Beclard,  as  "organ- 
isation in  action."  All  these  definitions,  however,  are  more  or 
less  objectionable,  since  they  either  really  mean  nothing,  or 
the  assumption  underlies  them  that  life  is  inseparably  con- 
nected with  organisation.  In  point  of  fact,  no  rigid  definition 
of  life  appears  to  be  at  present  possible,  and  it  is  best  to  regard 
it  as  being  simply  a  tendency  exhibited  by  certain  forms  of 
matter,  under  certain  conditions,  to  pass  through  a  series  of 
changes  in  a  more  or  less  definite  and  determinate  sequence. 
The  essential  phenomenon  of  vitality  is,  therefore,  m  the 
words  of  Herbert  Spencer,  "  the  continuous  adjustment  of 
internal  relations  to  external  relations,"  and  life,  m  its  effect, 
is  the  totality  of  the  functions  of  a  living  being.  Life,  how- 
ever, may  also  be  considered  as  a  cause,  since  amongst  the 
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phenomena  presented  by  all  living  beings  there  are  some 
which  cannot  be  referred  to  the  action  of  known  physical  or 
chemical  laws,  and  which,  therefore,  temporarily  at  any  rate, 
we  must  terra  "vital." 

Whilst  the  nature  of  life  thus  does  not  admit  of  rigid  defini- 
tion, we  find  that  the  phenomena  of  vitality  can  only  be  mani- 
fested under  certain  conditions,  some  of  these  being  intrinsic 
and  indispensable,  whilst  others  are  extrinsic,  and  not  in  them- 
selves, or  collectively,  essential. 

The  only  intrinsic  condition  of  life  appears  to  be  the  exist- 
ence of  a  special  '■'■physical  basis"  as  it  has  been  termed.  We 
do  not  find,  namely,  that  the  phenomena  of  vitality  can  be 
manifested  by  any  and  every  form  of  matter.  On  the  contrary, 
and  as  might  have  been  expected  upon  a  priori  grounds,  all 
living  bodies  appear  to  be  composed  of  a  special  substance, 
which  is  the  material  basis  of  life,  and  which  seems  to  be  sub- 
stantially identical  in  all  alike.  No  living  body  is  throughout 
composed  of  this  living  basis,  but  all  contain  a  greater  or 
smaller  amount  of  other  materials,  which  are  in  one  sense 
dead.  The  real  phenomena  of  vitality  are  conditioned,  there- 
fore, by  certain  special  portions  of  the  organism,  which  are 
alone  formed  of  this  living  matter ;  and  this  matter  in  chemical 
composition  and  physical  characters  appears  to  be  identical  in 
all  living  beings  whether  animal  or  vegetable.  To  this  physical 
basis  the  names  of  " protoplasm "  or  "bioplasm"  are  applied. 
The  lowest  organisms  consist  of  little  else  but  simple  unmodi- 
fied protoplasm ;  but  even  in  the  most  complex  organisms  it 
can  be  shown  that  their  essential  parts,  in  which  alone  vitality 
is  inherent,  are  similarly  composed  of  protoplasmic  matter. 

As  regards  its  nature,  protoplasm,  though  capable  of  forming 
the  most  complex  structures,  does  not  necessarily  exhibit  any- 
thing which  can  be  looked  upon  as  organisation,  or  differentia- 
tion into  distinct  parts ;  and  its  chemical  composition  is  the 
only  constant  which  can  be  approximately  stated.  It  consists, 
namely,  in  all  its  forms,  of  the  four  elements,  carbon,  hydrogen, 
oxygen,  and  nitrogen,  united  into  a  proximate  compound  to 
which  Mulder  applied  the  name  of  "  proteine,"  and  which  is 
very  nearly  identical  with  albumen  or  white-of-egg.  It  furdier 
appears  probable  that  all  forms  of  protoplasm  can  be  made  to 
contract  by  means  of  electricity,  and  "  are  liable  to  undergo 
that  peculiar  coagulation  at  a  temperature  of  4o''-5o°  centigrade, 
which  has  been  called  '  heat-stiffening'"  (Huxley).  As  viewed 
under  the  microscope,  protoplasm  presents  itself  as  a  clear 
viscous,  semi-fluid  substance,  which  is  commonly  rendered 
granular  by  the  presence  of  disseminated  particles  of  fatty 
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matter,  and  which  is  deeply  stained  by  immersion  in  a  solu- 
tion of  carmine. 

If  we  admit,  then,  with  Huxley — and  the  admi.ssion  re- 
quires some  qualifications  —  that  "protoplasm,  simple  or 
nucleated,  is  the  formal  basis  of  all  life,"  *  there  nevertheless 
remain  certain  conditions  equally  indispensable  to  the  external 
manifestation  of  vital  phenomena;  though  life  itself,  or  the 
power  of  exhibiting  vital  phenomena,  may  be  preserved  for  a 
longer  or  shorter  period,  even  though  these  conditions  be  ab- 
sent. These  extrinsic  conditions  of  vitality  are,  firstly,  a  cer- 
tain temperature  varying  from  near  the  freezing  point  to  120° 
or  130°;  secondly,  the  presence  of  water,  which  enters  largely 
into  the  composition  of  all  living  tissues  ;  thirdly,  the  presence 
of  oxygen  in  a  free  state,  though  some  of  the  lower  forms  of 
vegetable  life  are  capable  of  existing  in  an  atmosphere  devoid 
of  oxygen. 

The  higher  manifestations  of  life  are  not,  as  a  general  rule, 
possible  unless  all  the  extrinsic  conditions  just  mentioned  are 
carried  out,  and  the  non-fulfilment  of  any  of  them  generally 
causes  death;  but  there  are  some  notable  exceptions  to  this  state- 
ment. Thus,  life  may  remain  in  a  dormant  or  "potential"  con- 
dition for  an  apparently  indefinite  time,  as  exhibited  by  the  great 
tenacity  of  life,  even  under  unfavourable  circumstances,  exhib- 
ited by  the  ova  of  some  animals  and  the  seeds  of  many  plants. 
A  still  more  striking  example  of  this  is  afforded  by  the  minute 
microscopic  animals  known  as  the  Rotifers  or  Wheel-animal- 
cules. These  little  creatures  are  aquatic  in  their  habits,  and 
diminutive  as  they  are,  they  are  nevertheless,  comparatively 
speaking,  of  a  very  high  grade  of  organisation.  They  possess 
a  mouth,  masticatory  organs,  a  stomach  and  alimentary  canal, 
a  distinct  and  well-developed  nervous  system,  a  differentiated 
reproductive  apparatus,  and  even  organs  of  vision.  Repeated 
experiments,  however,  have  shown  the  remarkable  fact  that, 
with  their  aquatic  habits  and  complex  organisation,  the  Roti- 
fers are  capable  of  submitting  to  an  apparently  indefinite  de- 
privation of  the  necessary  conditions  of  their  existence,  without 
thereby  losing  their  vitality.  They  may  be  dried  and  reduced 
to  all  appearance  to  dust,  and  may  be  kept  in  this  state  for  a 

*  It  has  not  yet  been  showm  that  the  living  matter  which  we  designate 
by  the  convenient  term  of  "protoplasm"  has  universally  and  in  all  cases 
a  constant  and  undeviating  chemical  composition  ;  and  there  is,  indeed, 
reason  to  believe  that  this  is  not  the  case.  It  is  also  certain  that  there  are 
other  materials,  the  exact  use  of  which  we  do  not  at  present  know,  which 
are  absolutely  essential  to  the  maintenance  of  life,  probably  even  in  its 
humblest  manifestations. 
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period  of  many  years ;  nevertheless,  the  addition  of  a  little 
water  will  at  any  time  restore  them  to  their  pristine  vigour 
and  activity.  It  follows,  therefore,  that  an  organism  may  be 
deprived  of  all  power  of  manifesting  any  of  the  phenomena 
which  constitute  what  we  call  life  without  losing  its  hold  upon 
the  vital  forces  which  belong  to  it. 

Again,  the  vital  resistance  of  the  lowest  organisms  to  changes 
of  temperature,  seems  to  be  in  some  cases  much  wider  than 
those  stated  above  as  generally  true.  Thus,  the  microscopic 
organisms  known  as  "  vibrios  "  are  stated  to  survive  exposure 
to  a  temperature  of  300°  F.,  and  to  be  wholly  unafifected  by 
being  frozen  ;  whilst  Dallinger  and  Drysdale  have  shown  that 
the  germs  of  monads  will  survive  exposure  to  temperature  of 
from  280°  to  300°  F.  The  presence  of  oxygen  in  a  free  state, 
too,  though  essential  to  the  higher  forms  of  life,  does  not 
appear  to  be  necessary  in  the  case  of  some  of  the  lower ;  since 
vibrios  and  bacteria  appear  to  carry  on  a  vigorous  life  in  an 
atmosphere  of  carbonic  acid  gas.  Lastly,  there  are  certain 
conditions,  such  as  the  presence  of  sun-light,  which  are  essen- 
tial for  the  maintenance  of  life  as  a  whole,  though  by  no  means 
necessarily  demanded  for  the  life  of  individuals.  Thus,  vege- 
table life  is  as  a  whole  dependent  upon  sun-light,  and  though 
animals  can  subsist  in  darkness,  animal  life  is  in  reality  de- 
pendent upon  plant-life,  so  that  the  total  absence  of  the  sun 
would  extinguish  all  life  whatever. 

The  only  other  condition  of  life  which  need  be  noticed  is 
the  presence  of  "  organisation  "  in  living  bodies  ;  and  the  im- 
portance of  this  has  been  greatly  reduced  by  the  progress  of 
modern  science.  All  the  higher  forms  of  life  are  "organised," 
that  is  to  say,  they  possess  distinct  parts  or  "  organs,"  which 
have  certain  definite  relations  to  one  another,  and  which  dis- 
charge certain  definite  offices  or  "functions."  The  protoplasmic 
and  actually  living  portions  even  of  these,  however,  appear, 
under  the  highest  powers  of  the  microscope,  to  be  destitute  of 
any  recognisable  structure,  and  are  therefore  not  "  organised." 
Moreover,  many  of  the  lowest  forms  of  life  (such  as  the  Fora- 
mmifera  amongst  the  Protozoa)  fail  to  fulfil  one  of  the  most 
essential  conditions  of  organisation,  being  devoid  of  definite 
parts  or  organs  of  any  kind.  Nevertheless,  they  are  capable 
of  manifesting  all  the  essential  phenomena  of  life ;  they  are 
produced  from  bodies  like  themselves ;  they  eat,  digest,  and 
move,  and  exhibit  distinct  sensibility  to  many  external  im- 
pressions. Furthermore,  many  of  these  little  masses  of  struc- 
tureless jelly  possess  the  power  of  manufacturing  for  them- 
selves, of  lime,  or  of  the  still  more  intractable  flint,  external 
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shells  of  surpassing  beauty  and  mathematical  regularity.  In 
the  face  of  these  facts  we  are  therefore  compelled  to  come  to 
the  conclusion  that  life  is  really  the  cause  and  not  the  conse- 
quence of  organisation  ;  or,  in  other  words,  that  organisation  is 
not  an  intrinsic  and  indispensable  condition  of  vital  phenomena. 

As  to  the  precise  relations  which  subsist  between  the  "  phy- 
sical basis  of  life,"  and  the  phenomena  of  vitality,  it  is  held  by 
some  that  "life"  is  one  of  the  properties  of  the  albuminous 
body  which  we  term  protoplasm.  On  this  view,  life  is  a  form 
of  energy  or  motion,  due  simply  to  molecular  movements  tak- 
ing place  in  the  ultimate  molecules  of  the  protoplasm,  and 
capable  of  correlation  with  the  ordinary  physical  or  chemical 
forces.  It  cannot,  however,  be  said  that  this  view  has  as  yet 
received  a  scientific  demonstration.  On  the  other  hand,  it 
seems  safer,  with  our  present  knowledge,  to  believe  that  proto- 
plasm is  simply  the  necessary  material  basis  or  vehicle  through 
which  vital  force  is  manifested,  though  we  are  still  unable  to 
speak  with  any  positiveness  as  to  the  precise  nature  of  the 
forces  which  are  the  fundamental  causes  of  life. 

If,  in  conclusion,  it  be  asked  whether  the  term  "  vital  force  " 
is  any  longer  permissible  in  the  mouth  of  a  scientific  man,  the 
question  must,  in  the  meanwhile,  be  answered  in  the  affirma- 
tive. Formerly,  no  doubt,  the  progress  of  science  was  retarded 
and  its  growth  checked  by  a  too  exclusive  reference  of  natural 
phenomena  to  a  so-called  vital  force.  Equally  unquestionable 
is  the  fact  that  the  development  of  Biological  science  has  pro- 
gressed contemporaneously  with  the  successive  victories  gained 
by  the  physicists  over  the  vitalists.  Still,  no  physicist  has 
hitherto  succeeded  in  explaining  any  fundamental  vital  phe- 
nomenon upon  purely  physical  and  chemical  principles.  The 
simplest  vital  phenomenon  has  in  it  something  over  and  above 
the  merely  chemical  and  physical  forces  which  we  can  demon- 
strate in  the  laboratory.  It  is  easy,  for  example,  to  say  that 
the  action  of  the  gastric  juice  is  a  chemical  one,  and  doubt- 
less the  discovery  of  this  fact  was  a  great  step  in  physiological 
science.  Nevertheless,  in  spite  of  the  most  searching  inves- 
tigations, it  is  certain  that  digestion  presents  phenomena  which 
are  as  yet  inexplicable  upon  any  chemical  theory.  This  is  ex- 
emplified in  its  most  striking  form,  when  we  look  at  a  simple 
organism  like  the  Amoeba.  This  animalcule,  which  is  struc- 
turally little  more  than  a  mobile  lump  of  semi-fluid  protoplasm, 
digests  as  perfectly— as  far  as  the  result  to  itself  is  concerned — 
as  does  the  most  highly  organised  animal  with  the  most  complex 
digestive  apparatus.  It  takes  food  into  its  interior,  it  digests 
it  without  the  presence  of  a  single  organ  for  the  purpose ;  and, 
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still  more,  it  possesses  that  inexplicable  selective  power  by 
which  it  assimilates  out  of  its  food  such  constituents  as  it 
needs,  whilst  it  rejects  the  remainder.  In  the  present  state  of 
our  knowledge,  therefore,  we  must  conclude  that  even  in  the 
process  of  digestion,  as  exhibited  in  the  Amoeba,  there  is  some- 
thing that  is  not  merely  physical  or  chemical.  Similarly,  any 
organism  when  just  dead,  consists  of  the  same  protoplasm  as 
before,  in  the  same  forms,  and  with  the  same  arrangement; 
but  it  has  most  unquestionably  lost  a  something  by  which  all  its 
properties  and  actions  were  modified,  and  some  of  them  were 
produced.  What  that  something  is,  we  do  not  know,  and 
perhaps  never  shall  know ;  and  it  is  possible,  though  highly 
improbable,  that  future  discoveries  may  demonstrate  that  it 
is  merely  a  subtle  modification  of  some  physical  force.  In 
the  meanwhile,  as  all  vital  actions  exhibit  this  mysterious 
something,  it  would  appear  unphilosophical  to  ignore  its  exist- 
ence altogether,  and  the  term  "  vital  force  "  may  therefore  be 
retained  with  advantage.  In  using  this  term,  howevei",  it  must 
not  be  forgotten  that  we  are  simply  employing  a  convenient 
expression  for  an  unknown  quantity,  for  that  residual  portion 
of  every  vital  action  which  cannot  at  present  be  referred  to 
the  operation  of  any  known  physical  force. 

It  must,  however,  also  be  borne  in  mind  that  this  residuum  is 
probably  not  to  be  ascribed  to  our  ignorance,  but  that  it  has 
a  real  existence.  It  appears,  namely,  in  the  highest  degree 
probable  that  every  vital  action  has  in  it  something  which  is 
not  merely  physical  and  chemical,  but  which  is  conditioned 
by  an  unknown  force,  higher  in  its  nature  and  distinct  in  kind 
as  compared  with  all  other  forces.  The  presence  of  this 
"vital  force"  may  be  recognised  even  in  the  simplest  phe- 
nomena of  nutrition ;  and  no  attempt  even  has  hitherto  been 
made  to  explain  the  phenomena  of  reproduction  by  the  work- 
ing of  any  known  physical  or  chemical  force. 

5.  Differences  between  Animals  and  Plants. 

We  have  now  arrived  at  some  definite  notion  of  the  essen- 
tial characters  of  living  beings  in  general,  and  we  have  next  to 
consider  what  are  the  characteristics  of  the  two  great  divisions 
of  the  organic  world.  What  are  the  characters  which  induce 
us  to  place  any  given  organism  in  either  the  vegetable  or  the 
animal  kingdom  ?  What,  in  fact,  are  the  differences  between 
animals  and  plants? 

It  is  generally  admitted  that  all  bodies  which  exhibit  vital 
phenomena  are  capable  of  being  referred  to  one  of  the  two 
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great  kingdoms  of  organic  nature.  At  the  same  time  it  is 
often  extremely  difficult  in  individual  cases  to  come  to  any 
decision  as  to  the  kingdom  to  which  a  given  organism  should 
be  referred,  and  in  many  cases  the  determination  is  purely 
arbitrary.  So  strongly,  in  fact,  has  this  difficulty  been  felt, 
that  some  observers  have  established  an  intermediate  kingdom, 
a  sort  of  no-man's-land  for  the  reception  of  those  debatable 
organisms  which  cannot  be  definitely  and  positively  classed 
either  amongst  vegetables  or  amongst  animals.  Thus,  Dr 
Ernst  Hjeckel  has  proposed  to  form  an  intermediate  kingdom, 
which  he  calls  the  Regnuni  Frotisticum,  for  the  reception  of  all 
doubtful  organisms.  Even  such  a  cautious  observer  as  Dr 
Rolleston,  whilst  questioning  the  propriety  of  this  step,  is 
forced  to  conclude  that  "  there  are  organisms  which  at  one 
period  of  their  life  exhibit  an  aggregate  of  phenomena  such  as 
to  justify  us  in  speaking  of  them  as  animals,  whilst  at  another 
they  appear  to  be  as  distinctly  vegetable." 

In  the  case  of  the  higher  animals  and  plants,  there  is  no 
difficulty ;  the  former  being  at  once  distinguished  by  the 
possession  of  a  nervous  system,  of  motor  power  which  can  be 
voluntarily  exercised,  and  of  an  internal  cavity  fitted  for  the 
reception  and  digestion  of  solid  food.  The  higher  plants,  on 
the  other  hand,  possess  no  nervous  system  or  organs  of  sense, 
are  incapable  of  independent  locomotion,  and  are  not  provided 
with  an  internal  digestive  cavity,  their  food  being  wholly  fluid 
or  gaseous.  These  distinctions,  however,  do  not  hold  good  as 
regards  the  lower  and  less  highly  organised  members  of  the 
two  kingdoms,  many  animals  having  no  nervous  system  or 
internal  digestive  cavity,  whilst  many  plants  possess  the  power 
of  locomotion ;  so  that  we  are  compelled  to  institute  a  closer 
comparison  in  the  case  of  these  lower  forms  of  life. 

a.  Form. — As  regards  external  configuration,  of  all  charac- 
ters the  most  obvious,  it  must  be  admitted  that  no  absolute 
distinction  can  be  laid  down  between  plants  and  animals. 
Many  of  our  ordinary  zoophytes,  such  as  the  Hydroid  Polypes, 
the  sea -shrubs  and  corals  —  as,  indeed,  the  name  zoophyte 
implies — are  so  similar  in  external  appearance  to  plants  that 
they  were  long  described  as  such.  Amongst  the  Molluscoida, 
the  common  sea-mat  (Flustra)  is  invariably  regarded  by  sea- 
side visitors  as  a  sea-  weed.  Many  of  the  Protozoa  are  equally 
like  some  of  the  lower  plants  (Protophyta)  ;  and  even  at  the 
present  day  there  are  not  wanting  those  who  look  upon  the 
sponges  as  belonging  to  the  vegetable  kingdom.  On  the  other 
hand,  the  embryonic  forms,  or  "zoospores,"  (fig.  i,  a  and  b)  • 
of  certain  undoubted  plants  (such  as  the  Protococcus  nivalis, 
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Vaucheria,  &c.)  are  provided  with  ciliated  processes  with 
which  they  swim  about,  thus  coming  so  closely  to  resemble 
some  of  the  Infusorian  animalcules  as  to  have  been  referred  to 
that  division  of  the  Protozoa. 


^.  Internal  Structure.— Yitxt,  again,  no  line  of  demarcation 
can  be  drawn  between  the  animal  and  vegetable  kingdoms.  In 
this  respect  all  plants  and  animals  are  fundamentally  similar, 
bemg  alike  composed  of  molecular,  cellular,  and  fibrous  tissues! 

c.  Chemical  Composition.— Vlt^ms,  speaking  generally,  exhibit 
a  preponderance  of  ternary  compounds  of  carbon,  hydrogen 
and  oxygen  — such  as  starch,  cellulose,  and  sugar  — whilst 
nitrogemsed  compounds  enter  more  largely  into  the  compo- 
sition of  animals.  Still  both  kingdoms  contain  identical  or 
representative  compounds,  though  there  may  be  a  difference 
in  the  proportion  of  these  to  one  another.  Moreover  the 
most  characteristic  of  all  vegetable  compounds— viz.,  cellulose 
—has  been  detected  in  the  outer  covering  of  the  sea-squirts, 
or  Ascidian  Molluscs  ;  and  the  so-called  "  glycogen,"  which  is 
secreted  by  the  liver  of  the  Mammalia,  is  closely  allied  to,  if 
not  absolutely  identical  with,  the  hydrated  starch  of  plants  As 
a  general  rule,  however,  it  may  be  stated  that  the  presence  in 
any  organism  of  an  external  envelope  of  cellulose  raises  a  strong 
presumption  of  its  vegetable  nature.  In  the  face,  however 
of  the  facts  above  stated,  the  presence  of  cellulose  cannot  be 
looked  upon  as  absolutely  conclusive.    Another  hiehlv  charar 

matter  ^T^l'  'T^^"""^  chlorophyll,  the  green  colouring-' 
matter  of  plants.  Any  organism  which  exhibits  chlorophyll 
m  any  quantity,  as  a  proper  element  of  its  tissues,  is  mos 
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probably  vegetable.  As  in  the  case  of  cellulose,  however,  the 
presence  of^  chlorophyll  cannot  be  looked  upon  as  a  certain 
test,  since  it  occurs  normally  in  certain  undoubted  animals 
{e.g.,  Stejitor,  amongst  the  Infusoria,  and  the  Hydra  viridis, 
or  the  green  Fresh-water  Polype,  amongst  the  Ccelenterata). 

d.  Motor  Power. — This,  though  broadly  distinctive  of  ani- 
mals, can  by  no  means  be  said  to  be  characteristic  of  them. 
Thus,  many  animals  in  their  mature  condition  are  permanently 
fixed,  or  attached  to  some  foreign  object ;  and  the  embryos  of 
many  plants,  together  with  not  a  few  adult  forms,  are  endowed 
with  locomotive  power  by  means  of  those  vibratile,  hair-like 
processes  which  are  called  "  cilia,"  and  are  so  characteristic 
of  many  of  the  lower  forms  of  animal  life.  Not  only  is  this 
the  case,  but  large  numbers  of  the  lower  plants,  such  as  the 
Diatoms  and  Desmids,  exhibit  throughout  life  an  amount  and 
kind  of  locomotive  power  which  does  not  admit  of  being  rigidly 
separated  from  the  movements  executed  by  animals,  though  the 
closest  researches  have  hitherto  failed  to  show  the  mechanism 
whereby  these  movements  are  brought  about. 

e.  Nature  of  the  Food. — Whilst  all  the  preceding  points  have 
failed  to  yield  a  means  of  invariably  separating  animals  from 
plants,  a  distinction  which  holds  good  almost  without  excep- 
tion is  to  be  found  in  the  nature  of  the  food  taken  respectively 
by  each,  and  in  the  results  of  the  conversion  of  the  same.  The 
unsatisfactory  feature,  however,  in  this  distinction  is  this,  that 
even  if  it  could  be  shown  to  be,  theoretically,  invariably  true, 
it  would  nevertheless  be  practically  impossible  to  apply  it  to 
the  greater  number  of  those  minute  organisms  concerning 
which  alone  there  can  be  any  dispute. 

As  a  broad  rule,  all  plants  are  endowed  with  the  power  of 
converting  inorganic  into  organic  matter.  The  food  of  plants 
consists  of  the  inorganic  compounds,  carbonic  acid,  ammonia, 
and  water,  along  with  small  quantities  of  certain  mineral  salts. 
From  these,  and  from  these  only,  plants  are  capable  of  elabo- 
rating the  proteinaceous  matter  or  protoplasm  which  consti- 
tutes the  physical  basis  of  life.  Plants,  therefore,  take  as  food 
very  simple  bodies,  and  manufacture  them  into  much  more 
complex  substances.  In  other  words,  by  a  process  of  deoxida- 
tion  or  unburning,  rendered  possible  by  the  influence  of  sun- 
light only,  plants, convert  the  inorganic  or  stable  elements — 
ammonia,  carbonic  acid,  water,  and  certain  mineral  salts— into 
the  organic  or  unstable  elements  of  food.  The  whole  problem 
of  nutrition  may  be  narrowed  to  the  question  as  to  the  modes 
and  laws  by  which  these  stable  elements  are  raised  by  the  vital 
chemistry  of  the  plant  to  the  height  of  unstable  compounds. 
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To  this  general  statement,  however,  an  exception  must  be 
made  in  favour  of  certain  Fungi,  which  require  ready-made 
organic  matter  for  their  nourishment.  There  are  also  certain 
plants  (such  as  the  Sun-dew  and  the  Venus'  Fly-trap)  which 
live  to  some  extent  upon  animal  food. 

On  the  other  hand,  no  known  animal  possesses  the  power 
of  converting  inorganic  compounds  into  organic  matter,  but 
all,  mediately  or  immediately,  are  dependent  in  this  respect 
upon  plants.  All  animals,  as  far  as  is  certainly  known,  require 
ready-made  proteinaceous  matter  for  the  maintenance  of  exist- 
ence, and  this  they  can  only  obtain  in  the  first  instance  from 
plants.  Animals,  in  fact,  differ  from  plants  in  requiring  as  food 
complex  organic  bodies  which  they  ultimately  reduce  to  very 
much  simpler  inorganic  bodies.  The  nutrition  of  animals  is 
a  process  of  oxidation  or  burning,  and  consists  essentially  in 
the  conversion  of  the  energy  of  the  food  into  vital  work;  this 
conversion  being  effected  by  the  passage  of  the  food  into  living 
tissue.  Plants,  therefore,  are  the  great  manufacturers  in  nature, 
• — -animals  are  the  great  consumers. 

There  remain  to  be  noticed  two  distinctions,  broadly  though  not  uni- 
versally applicable,  which  are  due  to  the  nature  of  the  food  required  re- 
spectively by  animals  and  plants.  In  the  first  place,  the  food  of  all  plants 
consists  partly  of  gaseous  matter,  and  partly  of  matter  held  in  solution. 
They  require,  therefore,  no  special  aperture  for  its  admission,  and  no  in- 
ternal cavity  for  its  reception.  The  food  of  almost  all  animals  consists  of 
solid  particles,  and  they  are  therefoi-e  usually  provided  with  a  mouth  and 
a  distinct  digestive  cavity.  Some  animals,  however,  such  as  the  tape- 
worm and  the  GregarinEB,  live  entirely  by  the  imbibition  of  organic  fluids 
through  the  general  surface  of  the  body,  and  many  have  neither  a  distinct 
mouth  nor  stomach. 

Secondly,  plants  decompose  carbonic  acid,  retaining  the  carbon  and  set- 
ting free  the  oxygen,  certain  fungi  forming  an  exception  to  this  law.  The 
reaction  of  plants  upon  the  atmosphere  is  therefore  characterised  by  the 
production  of  free  oxygen.  Animals,  on  the  other  hand,  absorb  oxygen 
and  emit  carbonic  acid,  so  that  their  reaction  upon  the  atmosphere  is  the 
reverse  of  that  of  plants,  and  is  characterised  by  the  production  of  car- 
bonic acid. 

Finally,  it  is  worthy  of  notice  that  it  is  in  their  lower  and  not  in  their 
higher  developments  that  the  two  kingdoms  of  organic  nature  approach 
one  another.  No  difficulty  is  experienced  in  separating  the  higher  animals 
from  the  higher  plants,  and,  for  these,  universal  laws  can  be  laid  down  to 
which  there  is  no  exception.  It  might,  not  unnaturally,  have  been  thought 
that  the  lowest  classes  of  animals  would  exhibit  most  affinity  to  the  highest 
plants,  and  that  thus  a  gradual  passage  between  the  two  kingdoms  would 
be  established.  This  is  not  the  case,  however.  The  lower  animals  are 
not  allied  to  the  higher  plants,  but  to  the  lower  ;  and  it  is  in  the  very 
lowest  members  of  the  vegetable  kingdom,  or  in  the  embryonic  and  im- 
mature forms  of  plants  little  higher  in  the  scale,  that  we  find  such  a  de- 
cided animal  gift  as  the  power  of  independent  locomotion.  It  is  also  in 
the  less  highly  organised  and  less  specialised  forms  of  plants  that  we  find 
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great  laws  of  vegetable  life,  the  deviation 
vs  of  animal  life. 


6.  Morphology  and  Physiology. 


The  next  point  which  demands  notice  relates  to  the  nature 
of  the  differences  between  one  animal  and  another,  and  the 
question  is  one  of  the  highest  importance.  Every  animal— 
as  every  plant— may  be  regarded  from  two  totally  distinct, 
and,  indeed,  often  apparently  opposite,  points  of  view.  From 
the  first  point  of  view  we  have  to  look  simply  to  the  laws, 
form,  and  arrangement  of  the  structures  of  the  organism ;  in 
short,  to  its  external  shape  and  internal  structure.  This  con- 
stitutes the  science  of  morphology  (/i,o/3<^jy, /m;/,  and  Adyos,  dis- 
course). From  the  second,  we  have  to  study  the  vital  actions 
performed  by  living  beings  and  the  functions  discharged  by  the 
different  parts  of  the  organism.  This  constitutes  the  science 
of  physiology. 

A  third  department  of  zoology  is  concerned  with  the  rela- 
tions of  the  organism  to  the  external  conditions  under  which 
it  is  placed,  constituting  a  division  of  the  science  to  which  the 
term  "  distribution  "  is  applied. 

Morphology,  again,  not  only  treats  of  the  structure  of  living 
beings  in  their  fully-developed  condition  (anatomy),  but  is 
also  concerned  widi  the  changes  through  which  every  living 
being  has  to  pass  before  it  assumes  its  mature  or  adult  charac- 
ters (embryology  or  development).  The  term  "histology"  is 
further  employed  to  designate  that  branch  of  morphology  which 
is  specially  occupied  with  the  investigation  of  minute  or  micro- 
scopical tissues. 

Physiology  treats  of  all  the  functions  exercised  by  living 
bodies,  or  by  the  various  definite  parts  or  organs,  of  which 
most  animals  are  composed.  All  these  functions  come  under 
tliree  heads  : — i.  Functions  of  Nutrition,  divisible  into  func- 
tions of  absorption  and  metamorphosis,  comprising  those  func- 
tions which  are  necessary  for  the  growth  and  maintenance  of 
the  organism.  2.  Functio7is  of  Reproduction,  whereby  the  per- 
petuation of  the  species  is  secured.  3.  Functions  of  Correlation, 
coinprising  all  those  functions  (such  as  sensation  and  voluntary 
motion)  by  which  the  external  world  is  brought  into  relation 
with  the  organism,  and  the  organism  in  turn  reacts  upon  the 
external  world. 

Of  these  three,  the  functions  of  nutrition  and  reproduction 
are  often  collectively  called  the  functions  of  organic  or  vege- 
tative life,  as  being  common  to  animals  and  plants ;  while  the 
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functions  of  correlation  are  called  the  animal  functions,  as 
being  more  especially  characteristic  of,  though  not  peculiar  to, 
animals. 

7.  Differences  between  different  Animals. 

All  the  innumerable  differences  which  subsist  between  dif- 
ferent animals  may  be  classed  under  two  heads,  corresponding 
to  the  two  aspects  of  every  living  being,  morphological  and 
physiological.  One  animal  differs  from  another  either  morpho- 
logically, in  the  fundamental  pohits  of  its  structure  ;  or  physio- 
logically, in  the  manner  in  which  the  vital  functions  of  the 
organism  are  discharged.  These  constitute  the  only  modes  in 
which  anyone  animal  can  differ  from  any  other;  and  they  may 
be  considered  respectively  under  the  heads  of  Specialisation  of 
Function  and  Morphological  type. 

a.  Specialisation  of  Function. — All  animals  alike,  whatever 
their  structure  may  be,  perform  the  three  great  physiological 
functions  ;  that  is  to  say,  they  all  nourish  themselves,  repro- 
duce their  like,  and  have  certain  relations  with  the  external 
world.  They  differ  from  one  another  physiologically  in  the 
manner  in  which  these  functions  are  performed.  Indeed,  it  is 
only  in  the  functions  of  correlation  that  it  is  possible  that  there 
should  be  any  difference  in  the  amount  or  perfection  of  the 
function  performed  by  the  organism,  since  nutrition  and  repro- 
duction, as  far  as  their  results  are  concerned,  are  essentially  the 
same  in  all  animals.  In  the  manner,  however,  in  which  the 
same  results  are  brought  about,  great  differences  are  observable 
in  different  animals.  The  nutrition  of  such  a  simple  organism 
as  the  Amoeba  is,  indeed,  performe'd  perfectly,  as  far  as  the 
result  to  the  animal  itself  is  concerned — as  perfectly  as  in  the 
case  of  the  highest  animal — but  it  is  performed  with  the  simplest 
possible  apparatus.  It  may,  in  fact,  be  said  to  be  performed 
without  any  special  apparatus,  since  any  part  of  the  surface  of 
the  body  may  be  extemporised  into  a  mouth,  and  there  is  no 
differentiated  alimentary  cavity.  And  not  only  is  the  nutritive 
apparatus  of  the  simplest  character,  but  the  function  itself  is 
equally  simple,  and  is  entirely  divested  of  those  complexities 
and  separations  into  secondary  functions  which  characterise 
the  process  in  the  higher  animals.  It  is  the  same,  too,  with 
the  functions  of  reproduction  and  correlation;  but  this  point 
will  be  more  clearly  brought  out  if  we  examine  the  method  in 
which  one  of  the  three  primary  functions  is  performed  in  two 
or  three  examples.  Nutrition,  as  the  simplest  of  the  functions, 
will  best  answer  the  purpose. 


B 


i8 


MANUAL  OF  ZOOLOGY. 


In  the  simpler  Protozoa,  such  as  the  Amoeba,  the  process 
of  nutrition  consists  essentially  in  the  reception  of  food,  its 
digestion  within  the  body,  the  excretion  of  effete  or  indigestible 
matter,  and  the  distribution  of  the  nutritive  fluid  through  the 
body.  The  first  three  portions  of  this  process  are  effected  with- 
out any  special  organs  for  the  purpose,  and  for  the  last  there  is 
simply  a  rudimentary  contractile  cavity.  Respiration,  if  it  can 
be  said  to  exist  at  all  as  a  distinct  function,  is  simply  effected 
by  the  general  surface  of  the  body. 

In  a  Coelenterate  animal,  such  as  a  sea-anemone,  the  func- 
tion of  nutrition  has  not  advanced  much  in  complexity,  but 
the  means  for  its  performance  are  somewhat  more  specialised. 
Permanent  organs  of  prehension  (tentacles)  are  present,  there 
is  a  distinct  mouth,  and  there  is  a  persistent  internal  cavity  for 
the  reception  of  the  food ;  but  this  is  not  shut  off  from  the 
general  cavity  of  the  body,  and  there  are  no  distinct  circulatory 
or  respiratory  organs. 

In  a  Mollusc,  such  as  the  oyster,  nutrition  is  a  much  more 
complicated  process.  There  is  a  distinct  mouth,  and  an  ali- 
mentary canal  which  is  shut  off  from  the  general  cavity  of  the 
body,  and  is  provided  with  a  separate  aperture  for  the  excre- 
tion of  effete  and  indigestible  matters.  Digestion  is  performed 
by  a  distinct  stomach  with  accessory  glands ;  a  special  contrac- 
tile cavity,  or  heart,  is  provided  for  the  propulsion  of  the  nutri- 
tive products  of  digestion  through  all  parts  of  the  organism ; 
and  the  function  of  respiration  is  performed  by  complex  organs 
specially  adapted  for  the  purpose. 

It  is  not  necessary  here  to  follow  out  this  comparison 
further.  In  still  higher  animals  the  function  of  nutrition 
becomes  still  further  broken  up  into  secondary  functions,  for 
the  due  performance  of  which  special  organs  are  provided,  the 
complexity  of  the  organism  thus  necessarily  increasing  pari 
passu  with  the  complexity  of  the  function.  This  gradual  sub- 
division and  elaboration  is  carried  out  equally  with  the  other 
two  physiological  functions — viz.,  reproduction  and  correlation 
— and  it  constitutes  what  is  technically  called  the  "specialisa- 
tion of  function,"  though  it  has  been  more  happily  termed  oy 
Milne-Edwards  "  the  principle  of  the  physiological  division  of 
labour."  It  is  needless,  however,  to  remark  that  in  the  higher 
animals  it  is  the  functions  of  correlation  which  become  most 
highly  specialised — disproportionately  so,  indeed,  when  com- 
pared with  the  development  of  the  nutritive  and  reproductive 
functions. 

b.  Morphological  Type.  —  The  first  point  in  which  one 
animal  may  differ  from  another  is  the  degree  to  which  the 
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principle  of  the  physiological  division  of  labour  is  carried. 
The  second  point  in  which  one  animal  may  differ  from  another 
is  in  its  "  morphological  type ; "  that  is  to  say,  in  the  funda- 
mental plan  upon  which  it  is  constructed.  By  one  not  specially 
acquainted  with  the  subject  it  might  be  readily  imagined  that 
each  species  or  kind  of  animal  was  constructed  upon  a  plan 
peculiar  to  itself  and  not  shared  by  any  other.  This,  how- 
ever, is  far  from  being  the  case;  and  it  is  now  universally 
recognised  that  all  the  varied  species  of  animals — however 
great  the  apparent  amount  of  diversity  amongst  them — may  be 
arranged  under  no  more  than  half-a-dozen  primaiy  morpho- 
logical types  or  plans  of  structure.  Upon  one  or  other  of 
these  five  or  six  plans  every  known  animal,  whether  living  or 
extinct,  is  constructed.  It  follows  from  the  limited  number 
of  primitive  types  or  patterns,  that  great  numbers  of  animals 
must  agree  with  one  another  in  their  morphological  type.  It 
follows,  also,  that  all  so  agreeing  can  differ  from  one  another 
only  in  the  sole  remaining  element  of  the  question — namely, 
by  the  amount  of  specialisation  of  function  which  they  exhibit. 
Every  animal,  therefore,  as  Professor  Huxley  has  well  expressed 
it,  is  the  resultant  of  two  tendencies,  the  one  morphological, 
the  other  physiological. 

The  six  types  or  plans  of  structure,  upon  one  or  other  of 
which  all  known  animals  have  been  constructed,  are  techni- 
cally called  "  sub-kingdoms,"  and  are  known  by  the  names 
Protozoa,  Ccelenterata,  Annuloida,  Annulosa,  Mollusca,  and 
Vertebrata.  We  have,  then,  to  remember  that  every  member 
of  each  of  these  primary  divisions  of  the  animal  kingdom 
agrees  with  every  other  member  of  the  same  division  in  being 
formed  upon  a  certain  definite  plan  or  type  of  structure,  and 
differs  from  every  other  simply  in  the  grade  of  its  organisation, 
or,  in  other  words,  in  the  degree  to  which  it  exhibits  specialisa- 
tion of  function. 

Von  Baer's  Law  of  Development. — As  the  study  of  living 
beings  in  their  adult  condition  shows  us  that  the  differences 
between  those  which  are  constructed  upon  the  same  morpho- 
logical type  depend  upon  the  degree  to  which  speciahsation 
of  function  is  carried,  so  the  study  of  development  teaches 
us  that  the  changes  undergone  by  any  animal  in  passing  from 
the  embryonic  to  the  mature  condition  are  due  to  the  same 
cause.  All  the  members  of  any  given  sub-kingdom,  when 
examined  in  their  earliest  embryonic  condition,  are  found  to 
present  the  same  fundamental  characters.  As  development 
proceeds,  however,  they  diverge  from  one  another  with  greater 
or  less  rapidity,  until  the  adults  ultimately  become  more  or 
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less  different,  the  range  of  possible  modification  being  ap- 
parently almost  illimitable.  The  differences  are  due  to  the 
different  degrees  of  specialisation  of  function  necessary  to 
perfect  the  adult ;  and  therefore,  as  Von  Baer  put  it,  the  pro- 
gress of  da'elopmeiit  is  from  the  general  to  the  special. 

It  is  upon  a  misconception  of  the  true  import  of  this  law 
that  the  theory  arose,  that  every  animal  in  its  development 
passed  through  a  series  of  stages  in  which  it  resembles,  in  turn, 
the  different  inferior  members  of  the  animal  scale.  With 
regard  to  man,  standing  at  the  top  of  the  whole  animal 
kingdom,  this  theory  has  been  expressed  as  follows :  "Human 
organogenesis  is  a  transitory  comparative  anatomy,  as,  in  its 
turn,  comparative  anatomy  is  a  fixed  and  permanent  state  of 
the  organogenesis  of  man"  (Serres).     In  other  words,  the 
embryo  of  a  Vertebrate  animal  was  believed  to  pass  through  a 
series  of  changes  corresponding  respectively  to  the  permanent 
types  of  the  lower  sub-kingdoms — namely,  the  Protozoa,  Coe- 
lenterata,  Annuloida,  Annulosa,  and  Mollusca — before  finally 
assuming  the  true  vertebrate  characters.    Such,  however,  is  not 
truly  the  case.    The  ovum  of  every  animal  is  from  the  first 
impressed  with  the  power  of  developing  in  one  direction  only, 
and  very  early  exhibits  the  fundamental  characters  proper 
to  its  sub-kingdom,  never  presenting  the  structural  peculiari- 
ties belonging  to  any  other  morphological  type.  Neverthe- 
less, the  differences  which  subsist  between  the  members  of 
each  sub-kingdom  in  their  adult  condition  are  truly  referable 
to  the  degree  to  which  development  proceeds,  the  place  of 
efach  individual  in  his  own  sub-kingdom  being  regulated  by  the 
stage  at  which  development  is  arrested.    Thus,  many  cases 
are  known  in  which  the  younger  stages  of  a  given  animal 
represent  the  permanent  adult  condition  of  an  animal  some- 
what lower  in  the  scale.    To  give  a  single  example,  the  young 
Gasteropod  (amongst  the  Mollusca)  transiently  presents  all  the 
essential  characters  which  permanently  distinguish  the  adult 
Pteropod.    The  development  of  the  Gasteropod,  however,  pro- 
ceeds beyond  this  point,  and  the  adult  is  much  more  highly 
specialised  than  is  the  adult  Pteropod. 

The  theory  of  development  held  by  the  supporters  of  the 
doctrine  of  Evolution  is  best  expressed  in  the  words  of  Prof 
Hseckel.  According  to  this  eminent  naturalist,  "  Ontogenesis  " 
(or  the  development  of  the  individual)  "  is  the  brief  and  rapid 
recapitulation  of  phylogenesis"  (or  the  development  of  the 
species)  "governed  by  the  physiological  functions  of  transmis- 
sion (reproduction)  and  nutrition  (adaptation).  The  organic 
individual,  during  the  rapid  and  brief  course  of  its  individual 
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development,  repeats  the  most  important  of  those  changes  of 
form  which  its  ancestors  have  passed  through  during  the  long 
and  gradual  course  of  their  palaeontological  development,  in 
accordance  with  the  laws  of  transmission  and  adaptation." 

8.  Homology,  Analogy,  and  Homomorphism. 

AVhen  organs  in  different  animals  agree  with  one  another  in 
fundamental  structure,  they  are  said  to  be  "  homologous  j " 
when  they  perform  the  same  functions  they  are  said  to  be 
"  analogous."  Thus  the  wing  of  a  bird  and  the  arm  of  a  man 
are  constructed  upon  the  same  fundamental  plan,  and  they 
are  therefore  homologous  organs.  They  are  not  analogous, 
however,  since  they  do  not  perform  the  same  function,  the 
one  being  adapted  for  aerial  locomotion,  the  other  being  an 
organ  of  prehension.  On  the  other  hand,  the  wings  of  a  bird 
and  the  wings  of  an  insect  both  serve  for  flight,  and  they  are 
therefore  analogous,  since  they  perform  the  same  function. 
They  are  not  homologous,  however,  as  they  are  constructed 
upon  wholly  dissimilar  plans.  There  are  numerous  cases, 
however,  in  which  organs  correspond  with  one  another  both 
structurally  and  functionally,  in  which  case  they  are  both 
homologous  and  analogous. 

A  form  of  homology  is  often  seen  in  a  single  animal  in  which 
there  exists  a  succession  of  parts  which  are  fundamentally 
identical  in  structure,  but  are  variously  modified  to  fulfil  dif- 
ferent functions.  Thus  a  Crustacean — such  as  the  lobster — 
may  be  looked  upon  as  being  composed  of  a  succession  of 
rings,  each  of  which  bears  a  pair  of  appendages,  these  appen- 
dages being  constructed  upon  the  same  type,  and  being  there- 
fore homologous.  They  are,  however,  variously  modified  in 
different  regions  of  the  body  to  enable  them  to  fulfil  special 
functions,  some  being  adapted  for  swimming,  others  for  walk- 
ing, others  for  prehension,  others  for  mastication,  and  so  on. 
This  succession  of  fundamentally  similar  parts  in  the  same 
animal  constitutes  what  is  known  as  serial  homology.  When, 
however,  the  successive  parts  are  similar  to  one  another,  both 
in  structure  and  in  function,  the  case  becomes  rather  one  of 
what  is  called  "  vegetative  "  or  "  irrelative  repetition."  An  ex- 
cellent instance  of  this  is  seen  in  the  common  Millipede  (lulus). 

Homomorphism. — Many  examples  occur,  both  among  animals 
and  among  plants,  in  which  families  widely  removed  from  one 
another  as  to  their  fundamental  structure,  nevertheless  pre- 
sent a  singular,  and  sometimes  extremely  close,  resemblance 
in  their  external  characters.     Thus  the  composite  Hydroid 
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Polypes  and  the  Polyzoa  are  singularly  like  one  another — 
so  much  so,  that  they  have  often  been  classed  together ; 
whereas,  in  reality,  they  belong  to  different  sub -kingdoms. 
Many  other  cases  of  this  resemblance  of  different  animals 
might  be  adduced,  and  in  many  cases  these  "  representative 
forms"  appear  to  be  able  to  fill  each  other's  places  in  the 
general  economy  of  nature.  This  is  so  far  true,  at  any  rate, 
that  "  homomorphous  "  forms  are  generally  found  in  different 
parts  of  the  earth's  surface.  Thus,  the  place  of  the  Cacti 
of  South  America  is  taken  by  the  Euphorbise  of  Africa ;  or, 
to  take  a  zoological  illustration,  many  of  the  different  orders 
of  Mammalia  are  represented  in  the  single  order  Marsupialia 
in  Australia,  in  which  country  this  order  has  almost  alone  to 
discharge  the  functions  elsewhere  performed  by  several  orders. 
Many  homomorphous  forms,  however,  live  peacefully  side  by 
side,  and  it  is  difficult  to  say  whether  in  this  case  the  resem- 
blance between  them  is  for  the  advantage  or  for  the  disadvan- 
tage of  either.  In  other  cases  we  find  certain  animals  putting 
on  the  external  characters  of  certain  other  animals,  to  which 
they  may  be  closely  related,  or  from  which  they  may  be  widely 
separated  in  zoological  position.  Such  cases  are  said  to  be 
examples  of  "  mimicry,"  and  such  animals  are  said  to  be 
"  mimetic."  Excellent  examples  of  this  may  be  found  amongst 
certain  Butterflies,  or  in  the  close  resemblance  of  the  clear- 
winged  Moths  to  Bees  and  Hornets.  In  all  these  cases  it 
appears  that  the  mimetic  species  is  protected  from  some  enemy 
by  its  outward  similarity  to  the  form  which  it  mimics.  Finally, 
there  are  numerous  cases  in  which  animals  resemble  certain 
natural  objects,  and  thus  greatly  diminish  their  chances  of 
being  detected  by  their  natural  foes.  Excellent  instances  of 
this  "protective  resemblance"  are  afforded  by  the  insects 
known  as  Walking-leaves  {Phyllium)  and  Walking-sticks  {Fhas- 
midcB),  which  respectively  present  the  most  singular  resem- 
blance to  leaves  and  dried  twigs.  The  student,  however,  must 
carefully  guard  himself  against  supposing  that  the  term  "  mim- 
icry "  implies  any  conscious  action  on  the  part  of  the  mimetic 
species ;  there  being  no  evidence  to  support  such  a  view. 

9.  Correlation  of  Growth. 

This  term  is  employed  by  zoologists  to  express  the  empiri- 
cal law,  that  certain  structures,  not  necessarily  or  usually  con- 
nected together  by  any  visible  link,  invariably  occur  in  associa- 
tion with  one  another,  and  never  occur  apart— so  far,  at  any 
rate,  as  human  observation  goes. 
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Thus,  all  animals  which  possess  two  condyles  on  the  occi- 
pital bone,  and  possess  non-nucleated  red  blood -corpuscles, 
suckle  their  young.  Why  an  animal  with  only  one  condyle 
on  its  occipital  bone  should  not  suckle  its  young  we  do  not 
know,  and  perhaps  we  shall  at  some  future  time  find  mam- 
mary glands  associated  with  a  single  occipital  condyle.  Most 
of  these  correlations  are  physiologically  difficult  of  explanation 
and  sometimes  even  amusing.  Thus  all,  or  almost  all,  male  cats 
which  are  entirely  white  and  have  blue  eyes,  are  at  the  same 
time  deaf  With  regard  to  these  and  similar  generahsations 
we  must,  however,  bear  in  mind  the  following  three  points : — 

1.  The  various  parts  of  the  organisation  of  any  animal  are 
so  closely  interconnected,  and  so  mutually  dependent  upon 
one  another,  both  in  their  growth  and  development,  that  the 
characters  of  each  must  be  in  some  relation  to  the  characters 
of  all  the  rest,  whether  this  be  obviously  the  case  or  not. 

2.  It  is  rarely  possible  to  assign  any  reason  for  correlations 
of  structure,  though  they  are.  certainly  in  no  case  accidental. 

3.  The  law  is  a  purely  empirical  one,  and  expresses  nothing 
more  than  the  result  of  experience ;  so  that  structures  which 
we  now  only  know  as  occurring  in  association,  may  ultimately 
be  found  dissociated,  and  conjoined  with  other  structures  of  a 
different  character. 

10.  Classification. 

Classification  is  the  arrangement  of  a  number  of  diverse 
objects  into  larger  or  smaller  groups,  according  as  they  ex- 
hibit more  or  less  likeness  to  one  another.  The  excellence  of 
any  given  classification  wall  depend  upon  the  nature  of  the 
points  which  are  taken  as  determining  the  resemblance.  Sys- 
tems of  classification,  in  which  the  groups  are  founded  upon 
mere  external  and  superficial  points  of  similarity,  though 
often  useful  in  the  earlier  stages  of  science,  are  always  found 
in  the  long-run  to  be  inaccurate.  It  is  needless,  in  fact,  to 
point  out  that  many  living  beings,  the  structure  of  which  is 
fundamentally  different,  may  nevertheless  present  such  an 
amount  of  adaptive  external  resemblance  to  one  another,  that 
they  would  be  grouped  together  in  any  "artificial"  classifi- 
cation. Thus,  to  take  a  single  example,  the  whale,  by  its 
external  characters,  would  certainly  be  grouped  amongst  the 
fishes,  though  widely  removed  from  them  in  all  the  essential 
points  of  its  structure.  "  Natural "  systems  of  classification, 
on  the  other  hand,  endeavour  to  arrange  animals  into  divi- 
sions founded  upon  a  due  consideration  of  all  the  essential 
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and  fundamental  points  of  structure,  wholly  irrespective  of 
external  similarity  of  form  and  habits.  Philosophical  classifi- 
cation depends  upon  a  due  appreciation  of  what  constitute 
the  true  points  of  difference  and  likeness  amongst  animals ; 
and  we  have  already  seen  that  these  are  morphological  type 
and  specialisation  of  function.  Philosophical  classification, 
therefore,  is  a  formal  expression  of  the  facts  and  laws  of 
Morphology  and  Physiology.  It  follows  that  the  more  fully 
the  programme  of  a  philosophical  and  strictly  natural  classifi- 
cation can  be  carried  out,  the  more  completely  does  it  afford 
a  condensed  exposition  of  the  fundamental  construction  of  the 
objects  classified.  Thus,  if  the  whale  were  placed  by  an  arti- 
ficial grouping  amongst  the  fishes,  this  would  simply  express 
the  facts  that  its  habits  are  aquatic  and  its  body  fish-like. 
When,  on  the  contrary,  we  obtain  a  natural  classification,  and 
we  learn  that  the  whale  is  placed  amongst  the  Mammalia,  we 
then  know  at  once  that  the  young  whale  is  born  in  a  compa- 
ratively helpless  condition,  and  that  its  mother  is  provided 
with  special  mammary  glands  for  its  support;  this  expressing 
a  fundamental  distinction  from  all  fishes,  and  being  associated 
with  other  equally  essential  correlations  of  structure. 

The  entire  animal  kingdom  is  primarily  divided  into  some 
half-a-dozen  great  plans  of  structure,  the  divisions  thus  formed 
being  called  "  sub-kingdoms."  The  sub-kingdoms  are,  in  turn, 
broken  up  into  classes,  classes  into  orders,  orders  into  families, 
families  into  genera,  and  genera  into  species.  We  shall  ex- 
amine these  successively,  commencing  with  the  consideration 
of  a  species,  since  this  is  the  zoological  unit  of  which  the 
larger  divisions  are  made  up. 

Species. — No  term  is  more  difficult  to  define  than  "  species," 
and  on  no  point  are  zoologists  more  divided  than  as  to  what 
should  be  understood  by  this  word.  Naturalists,  in  fact,  are 
not  yet  agreed  as  to  whether  the  term  species  expresses  a  real 
and  permanent  distinction,  or  whether  it  is  to  be  regarded 
merely  as  a  convenient,  but  not  immutable,  abstraction,  the 
employment  of  which  is  necessitated  by  the  requirements  of 
classification. 

By  Bufifon,  "species"  is  defined  as  "a  constant  succession  of 
individuals-^  similar  to  and  capable  of  reproducing  each  other." 

De  CandoUe  defines  species  as  an  assemblage  of  all  those 
individuals  which  resemble  each  other  more  than  they  do 

*  In  using  the  term  "individual,"  it  must  be  bome  in  mind  that  the 
"zoologicar  individual"  is  meant  ;  that  is  to  say.  the  total  result  of  the 
development  of  a  single  ovum,  as  will  hereafter  be  explained  at  greater 
length. 
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Others ;  and  are  able  to  reproduce  their  like,  doing  so  by  the 
generative  process,  and  in  such  a  manner  that  they  may  be 
supposed  by  analogy  to  have  all  descended  from  a  single  being 
or  a  single  pair. 

M.  de  Quatrefages  defines  species  as  "  an  assemblage  of 
individuals,  more  or  less  resembling  one  another,  which  are 
descended,  or  may  be  regarded  as  being  descended,  from 
a  single  primitive  pair  by  an  uninterrupted  succession  of 
families." 

Miiller  defines  species  as  "  a  living  form,  represented  by 
individual  beings,  which  reappears  in  the  product  of  generation 
with  certain  invariable  characters,  and  is  constantly  reproduced 
by  the  generative  act  of  similar  individuals." 

According  to  Pritchard,  a  species  is  constituted  by  "  separate 
origin,  and  distinctness  of  race,  evinced  by  a  constant  trans- 
mission of  some  characteristic  peculiarity  of  organisation." 

According  to  Woodward,  "  all  the  specimens,  or  individuals, 
which  are  so  much  alike  that  we  may  reasonably  believe  them 
to  have  descended  from  a  common  stock,  constitute  a  species." 

From  the  above  definitions  it  will  be  at  once  evident  that 
there  are  two  leading  ideas  in  the  minds  of  zoologists  when 
they  employ  the  term  species ;  one  of  these  being  a  certain 
amount  of  resemblance  between  individuals,  and  the  other 
being  the  proof  that  the  individuals  so  resembling  each  other 
have  descended  from  a  single  pair,  or  from  pairs  exactly  simi- 
lar to  one  another.  The  characters  in  which  individuals  must 
resemble  one  another  in  order  to  entitle  them  to  be  grouped 
in  a  separate  species,  according  to  Agassiz,  "  are  only  those 
determining  size,  proportion,  colour,  habits,  and  relations  to 
surrounding  circumstances  and  external  objects." 

On  a  closer  examination,  however,  it  will  be  found  that 
these  two  leading  ideas  in  the  definition  of  species — external 
resemblance  and  community  of  descent — are  both  defective, 
and  liable  to  break  down  if  rigidly  applied.  Thus,  there  are 
in  nature  no  assemblages  of  plants  or  animals,  usually  grouped 
together  into  a  single  species,  the  individuals  of  which  exad/y 
resemble  one  another  in  every  point.  Every  naturalist  is 
compelled  to  admit  that  the  individuals  which  compose  any 
so-called  species,  whether  of  plants  or  animals,  differ  from 
one  another  to  a  greater  or  less  extent,  and  in  respects  which 
may  be  regarded  as  more  or  less  important.  The  existence 
of  such  individual  differences  is  attested  by  the  universal 
employment  of  the  terms  "varieties"  and  "races."  Thus  a 
"  variety  "  comprises  all  those  individuals  which  possess  some 
distinctive  peculiarity  in  common,  but  do  not  differ  in  other 
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respects  from  another  set  of  individuals  sufficiently  to  entitle 
them  to  take  rank  as  a  separate  species.  A  "  race,"  again,  is 
simply  a  permanent  or  "  perpetuated  "  variety.  The  question, 
however,  is  this— How  far  may  these  differences  amongst  in- 
dividuals obtain  without  necessitating  their  being  placed  in  a 
separate  species  ?  In  other  words  :  How  great  is  the  amount 
of  individual  difference  which  is  to  be  considered  as  merely 
"  varietal^'  and  at  what  exact  point  do  these  differences  become 
of  "  specific''  value  ?  To  this  question  no  answer  can  be  given, 
since  it  depends  entirely  upon  the  weight  which  different 
naturalists  would  attach  to  any  given  individual  difference.* 
Distinctions  which  appear  to  one  observer  as  sufficiently  great 
to  entitle  the  individuals  possessing  them  to  be  grouped  as 
a  distinct  species,  by  another  are  looked  upon  as  simply  of 
varietal  value ;  and,  in  the  nature  of  the  case,  it  seems  impos- 
sible to  lay  down  any  definite  rules.  To  such  an  extent  do 
individual  differences  sometimes  exist  in  particular  genera — 
termed  "protean"  or  "polymorphic"  genera — that  the  deter- 
mination of  the  different  species  and  varieties  becomes  an 
almost  hopeless  task. 

Besides  the  individual  differences  which  ordinarily  occur 
in  all  species,  other  cases  occur  in  which  a  species  consists 
normally  and  regularly  of  two  or  even  three  distinct  forms, 
which  cannot  be  said  to  be  mere  varieties,  since  no  inter- 
mediate forms  can  be  discovered.  When  two  such  distinct 
forms  exist,  the  species  is  said  to  be  "  dimorphic,"  and  when 
three  are  present,  it  is  called  "  trimorphic."  Thus,  in  dimorphic 
plants  a  single  species  is  composed  of  two  distinct  forms, 
similar  to  one  another  in  all  respects  except  in  their  repro- 
ductive organs,  the  one  form  having  a  long  pistil  and  short 
stamens,  the  other  a  short  pistil  with  long  stamens.  In  tri- 
morphic plants,  the  species  is  composed  of  three  such  distinct 
forms,  which  differ  in  like  manner  in  the  conformation  of  their 
reproductive  organs,  though  they  are  otherwise  undistinguish- 
able  (Darwin).  Similar  cases  are  known  in  animals,  but  in 
them  the  differences,  though  apparently  connected  with  repro- 
duction, are  not  confined  to  the  reproductive  organs.  Thus 
the  females  of  certain  butterflies  normally  appear  under  two 
or  three  entirely  different  forms,  not  connected  by  any  inter- 
mediate links;  and  the  same  thing  occurs  in  some  of  the 
Crustacea. 

*  As  an  example  of  this  it  is  sufficient  to  allude  to  the  fact  that  hardly 
any  two  botanists  agree  as  to  the  number  of  species  of  Willows  and  Bram- 
bles in  the  British^Isles.  What  one  observer  classes  as  mere  varieties, 
another  regards  as  good  and  distinct  species. 
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As  regards,  therefore,  the  first  point  in  the  definition  of 
species — namely,  the  external  resemblance  of  assemblages  of 
individuals — we  are  forced  to  conclude  that  no  two  individuals 
are  exactly  alike ;  and  that  the  amount  and  kind  of  external 
resemblance  which  constitutes  a  species  is  not  a  precise  and 
invariable  quantity,  but  depends  upon  the  value  attached  to 
particular  characters  by  any  given  observer. 

The  second  point  in  the  definition  of  species — namely,  com- 
munity of  descent — is  hardly  in  a  more  satisfactory  condition, 
since  the  descent  of  any  given  series  of  individuals  from  a 
single  pair,  or  from  pairs  exactly  similar  to  one  another,  is  at 
best  but  a  probability,  and  is  in  no  case  capable  of  proof.  In 
the  case  of  the  higher  animals,  it  can  doubtless  be  shown  that 
certain  assemblages  of  individuals  possess  amongst  themselves 
the  power  of  fecundation  and  of  producing  fertile  progeny,  and 
that  this  power  does  not  extend  to  the  fecundation  of  indi- 
viduals belonging  to  another  different  assemblage.  Amongst 
the  higher  animals,  "  crosses  "  or  "  hybrids  "  can  only  be  pro- 
duced between  closely-allied  species,  and  when  produced  they 
are  sterile,  and  are  not  capable  of  reproducing  their  like.  In 
these  cases,  therefore,  we  may  take  this  as  a  most  satisfactory 
element  in  the  definition  of  "  species."  The  sterility,  however, 
of  hybrids  is  not  universal,  even  amongst  the  higher  animals  ; 
and  amongst  plants  no  doubt  can  be  entertained  but  that  the 
individuals  of  species  universally  admitted  to  be  distinct  are 
capable  of  mutual  fertilisation  ;  the  hybrid  progeny  thus 
produced  being  likewise  fertile,  and  capable  of  reproducing 
similar  individuals.  That  this  fertility  is  often  irregular, 
and  may  be  destroyed  in  a  few  generations,  admits  of  expla- 
nation, and  hardly  alters  the  significance  of  these  undoubted 
facts. 

Upon  the  whole,  then,  it  seems  in  the  meanwhile  safest  to 
adopt  a  definition  of  species  which  implies  no  theory,  and  does 
not  include  the  behef  that  the  term  necessarily  expresses  a 
fixed  and  permanent  quantity.  Species,  therefore,  may  be 
defined  as  an  asseniblage  of  individuals  which  resemble  each  other 
in  their  essential  characters,  are  able,  directly  or  indirectly,  to  pro- 
duce fertile  individuals,  and  which  do  not  {as  far  as  human 
observation  goes)  give  rise  to  ifidividuals  which  vary  from  the 
general  type  through  more  than  certain  defiiiite  limits.  The  pro- 
duction of  occasional  monstrosities  does  not,  of  course,-  invali- 
date this  definition. 

Genus  is  a  term  applied  to  groups  of  species  which  possess 
a  community  of  essential  details  of  structure.  A  genus 
may  include  a  single  species  only,  in  cases  where  the  com- 
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bination  of  characters  which  make  up  the  species  are  so 
peculiar  that  no  other  species  exhibits  similar  structural  char- 
acters; or,  on  the  other  hand,  it  may  contain  many  hundreds 
of  species. 

Families  are  groups  of  genera  which  agree  in  their  general 
characters.  _  According  to  Agassiz,  they  are  divisions  founded 
upon  peculiarities  of  "  form  as  determined  by  structure." 

Orders  are  groups  of  families  related  to  one  another  by 
structural  characters  common  to  all. 

Classes  are  larger  divisions,  comprising  animals  which  are 
formed  upon  the  same  fundamental  plan  of  structure,  but  difter 
in  the  method  in  which  the  plan  is  executed  (Agassiz). 

Sub  -  kingdoms  are  the  primary  divisions  of  the  animal 
kingdom,  which  include  all  those  animals  which  are  formed 
upon  the  same  structural  or  morphological  type,  irrespec- 
tive of  the  degree  to  which  specialisation  of  function  may 
be  carried. 

Impossibiliiy  of  a  Linear  Classification. — It  has  sometimes 
been  thought  that  the  animal  kingdom  can  be  arranged  in  a 
linear  series,  every  member  of  the  series  being  higher  in  point 
of  organisation  than  the  one  below  it.  As  we  have  seen,  how- 
ever, the  status  of  any  given  animal  depends  upon  two  condi- 
tions— one  its  morphological  type,  the  other  the  degree  to 
which  specialisation  of  function  is  carried.  Now,  if  we  take 
two  animals,  one  of  which  belongs  to  a  lower  morphological 
type  than  the  other,  no  degree  of  specialisation  of  function, 
however  great,  will  place  the  former  above  the  latter,  as  far  as 
its  type  of'  structure  is  concerned,  though  it  may  make  the 
former  a  more  highly  organised  animal.  Every  Vertebrate 
animal,  for  example,  belongs  to  a  higher  morphological  type 
than  every  Mollusc ;  but  the  higher  Molluscs,  such  as  cuttle- 
fishes, are  much  more  highly  organised,  as  far  as  their  type  is 
concerned,  than  are  the  lowest  Vertebrata.  In  a  linear  classi- 
fication, therefore,  the  cuttle-fishes  should  be  placed  above  the 
lowest  fishes — such  as  the  lancelet — in  spite  of  the  fact  that 
the  type  upon  which  the  latter  are  constructed  is  by  far  the 
highest  of  the  two. 

It  is  obvious,  therefore,  that  a  linear  classification  is  not 
possible,  since  the  higher  members  of  each  sub-kingdom  are 
more  highly  organised  than  the  lower  forms  of  tire  next  sub- 
kingdom  in  the  series,  at  the  same  time  that  they  are  con- 
structed upon  a  lower  morphological  type. 

In  the  words  of  Professor  Allen  Thomson,  "it  has  become 
more  and  more  apparent  in  the  progress  ot  morphological 
research,  that  the  different  groups  form  circles  which  touch 
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one  another  at  certain  points  of  greatest  resemblance,  rather 
than  one  continuous  line,  or  even  a  number  of  lines  which 
partially  pass  each  other."  In  the  same  way  the  highest 
vegetables  do  not  approximate  to,  or  graduate  into,  the  lowest 
animals ;  but,  "  each  kingdom  presents,  as  it  were,  a  radiating 
expansion  into  groups  for  itself,  so  that  the  relations  of  the 
two  kingdoms  might  be  represented  by  the  divergence  of  lines 
spreading  in  two  different  directions  from  a  common  point." 

Binomial  Nomenclature. — Since  the  time  of  IJnnseus  it  has  been 
the.  practice  of  naturalists  to  designate  all  species  by  double  designations,  the 
first  part  of  the  title  indicating  the  genus  to  which  the  animal  belongs, 
whilst  the  second  is  the  proper  or  specific  title.  Thus  the  Dog  is  known 
by  the  "  binomial"  designation  of  Canis familim-is.  The  " gen7is^'  Canis 
contains  other  species  besides  the  Dog — such  as  the  Wolf  and  Jackal — 
but  the  nz.\ae  familiaris  indicates  that  this  title  belongs  to  the  Dog  and  not 
to  either  of  the  latter.  The  genus  Canis,  again,  belongs  to  the  ''^family" 
CanidcE,  including  other  genera,  such  as  the  Foxes  ( Vulpes).  The  family 
CanidcE,  further,  is  one  of  a  number  of  families,  such  as  the  Cats  {Felidce), 
the  Bears  (Ursidce),  the  Hyaenas  {Hyccnidce),  &c.,  which  collectively  con- 
stitute the  "orde/'"  of  the  Carnivora  or  Beasts  of  Prey.  The  Carnivora, 
again,  constitute  one  of  many  orders  of  quadrupeds,  which  are  distinguished 
by  suckling  their  young  and  by  other  common  characters,  and  which 
collectively  constitute  the  "  class"  Mammalia.  Finally,  the  Mammalia 
are  united  with  the  classes  of  the  Birds,  Reptiles,  Amphibians,  and 
Fishes  to  constitute  the  gi^eat  primary  division  or  "  sub-kingdom  "  of  Verte- 
brata  or  "  Vertebrate  animals  ; "  since  all  these  classes  agree  with  one  an- 
other in  certain  fundamental  points  of  structure. 

Condensing  the  above,  the  name  of  Canis  familiaris,  as  applied  to  the 
Dog,  implies  a  large  amount  of  information  as  to  the  precise  zoological 
position  and  affinities  of  the  animal.  Its  title,  namely,  if  expressed  in  full, 
would  indicate  its  systematic  place  to  be  as  follows  : — 

Sub-kingdom,  Vertebrata. 

Class,  Mammalia. 
Order,  Ca7-nivora. 
Family,  Canida, 
Genus,  Canis. 
Species,  Canis  familiaris. 


II.  Reproduction. 

Reproduction  is  the  process  whereby  new  individuals  are 
generated  and  the  perpetuation  of  the  species  insured.  The 
methods  in  which  this  end  may  be  attained  exhibit  a  good 
deal  of  diversity,  but  they  may  be  all  considered  under  two 
heads. 

I.  Sexual  Reproduction.  —  This  consists  essentially  in  the 
production  of  two  distinct  elements,  a  germ-cell  or  ovum,  and 
a  sperm-cell  or  spermatozoid,  by  the  contact  of  which  the 
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ovum— now  said  to  be  "  fecundated  " — is  enabled  to  develop 
itself  into  a  new  individual.  As  a  rule,  the  germ-cell  is  pro- 
duced by  one  individual  (female)  and  the  spermatic  element 
by  another  (male) ;  in  which  case  the  sexes  are  said  to  be  dis- 
tinct, and  the  species  is  said  to  be  "  dioecious."  In  other 
cases  the  same  individual  has  the  power  of  producing  both  the 
essential  elements  of  reproduction  ;  in  which  case  the  sexes 
are  said  to  be  united,  and  the  individual  is  said  to  be  "  her- 
maphrodite," "  androgynous,"  or  "  monoecious."  In  the  case 
of  hermaphrodite  animals,  however,  self-fecundation — contrary 
to  what  might  have  been  expected — rarely  constitutes  the  re- 
productive process ;  and,  as  a  rule,  the  reciprocal  union  of  two 
such  individuals  is  necessary  for  the  production  of  young. 
Even  amongst  hermaphrodite  plants,  where  self-fecundation 
may,  and  certainly  does,  occur,  provisions  seem  to  exist  by 
which  perpetual  self-fertilisation  is  prevented,  and  the  influence 
of  another  individual  secured  at  intervals.*  Amongst  the 
higher  animals  sexual  reproduction  is  the  only  process  whereby 
new  individuals  can  be  generated. 

II.  Non-sexual  Reproduction. — Amongst  the  lower  animals 
fresh  beings  may  be  produced  without  the  contact  of  an  ovum 
and  a  spermatozoid ;  that  is  to  say,  without  any  true  generative 
act.  The  processes  by  which  this  is  effected  vary  in  different 
animals,  and  are  all  spoken  of  as  forms  of  "  asexual "  or 
"agamic"  reproduction  ("  agamogenesis").  As  we  shall  see, 
however,  the  true  "  individual"  is  very  rarely  produced  other- 
wise than  sexually,  and  most  forms  of  agamic  reproduction  are 
really  modifications  of  growth. 

a.  Gemmation  and  Fission. — Gemmation,  or  budding,  con- 
sists in  the  production  of  a  bud,  or  buds,  generally  from  the 
exterior,  but  sometimes  from  the  interior,  of  the  body  of  an 
animal,  which  buds  are  developed  into  independent  beings, 
which  may  or  may  not  remain  permanently  attached  to  the 
parent  organism.  Fission  differs  from  gemmation  solely  in 
the  fact  that  the  new  structures  in  the  former  case  are  pro- 
duced by  a  division  of  the  body  of  the  original  organism  into 
separate  parts,  which  may  remain  in  connection,  or  may  under- 
go detachment. 

*  It  seems  to  have  been  established  as  a  strong  probability  by  Darwin, 
Hildebrandt,  and  Delpino,  that  in  the  great  majorty  of  plants  self-fecunda- 
tion never  occurs,  but  the  plant  is  fertilised  by  the  intervention  of  insects. 
Thus,  in  many  plants  the  stamens  and  pistil  arrive  at  maturity  at  different 
times,  whilst  in  others  the  stamens  and  stigma  are  placed  at  different 
heights  in  the  flower,  and  do  not  always  occupy  the  same  position  even  in 
a  single  species. 
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The  simplest  form  of  gemmation,  perhaps,  is  seen  in  the 
power  possessed  by  certain  animals  of  reproducing  parts  of 
their  bodies  which  they  may  have  lost.  Thus,  the  Crustacea 
possess  the  power  of  reproducing  a  lost  limb,  by  means  of  a 
bud  which  is  gradually  developed  till  it  assumes  the  form  and 
takes  the  place  of  th§  missing  member.  In  these  cases,  how- 
ever, the  process  is  not  in  any  Avay  generative,  and  the  pro- 
duct of  gemmation  can  in  no  sense  be  spoken  of  as  a  distinct 
being  (or  zooid). 

Another  form  of  gemmation  may  be  exemplified  by  what 
takes  place  in  the  Foraminifera,  one  of  the  classes  of  the 
Protozoa.  The  primitive  form  of  a  Foraminifer  is  simply  a 
little  sphere  of  sarcode,  which  has  the  power  of  secreting  from 
its  outer  surface  a  calcareous  envelope ;  and  this  condition 
may  be  permanently  retained  (as  in  Lagena).  In  other  cases 
a  process  of  budding  or  gemmation  takes  place,  and  the  primi- 
tive mass  of  sarcode  produces  from  itself,  on  one  side,  a  second 
mass  exactly  similar  to  the  first,  which  does  not  detach  itself 
from  its  parent,  but  remains  permanently  connected  with  it 
This  second  mass  repeats  the  process  of  gemmation  as  before, 
and  this  goes  on — all  the  segments  remaining  attached  to  one 
another — until  a  body  is  produced,  which  consists  of  a  number 
of  little  spheres  of  sarcode  in  organic  connection  with  one 
another,  and  surrounded  by  a  shell,  often  of  the  most  compli- 
cated description.  In  this  case,  however,  the  buds  produced 
by  the  primitive  spherule  are  not  only  not  detached,  but 
they  can  only  remotely  be  regarded  as  independent  beings. 
They  are  generally,  in  all  respects,  identical  with  the  primor- 
dial segment,  and  it  is  rather  a  case  of  "  vegetative  "  repeti- 
tion of  similar  parts. 

Another  form  of  gemmation  is  exhibited  in  such  an  organ- 
ism as  the  common  sea-mat  (Flustra),  which  is  a  composite 
organism  composed  of  a  multitude  of  similar  beings,  each  of 
which  inhabits  a  little  chamber,  or  cell ;  the  whole  forming  a 
structure  not  unlike  a  sea-weed  in  appearance.  This  colony 
is  produced  by  gemmation  from  a  single  primitive  being 
("  polypide  "),  which  throws  out  buds,  each  of  which  repeats 
the  process,  apparently  almost  indefinitely.  All  the  buds  re- 
main in  contact  and  connected  with  one  another,  but  each  is, 
nevertheless,  a  distinct  and  independent  being,  capable  of 
performing  all  the  functions  of  life.  In  this  case,  therefore, 
each  one  of  the  innumerable  buds  becomes  an  independent 
being,  similar  to,  though  not  detached  from,  the  organism  which 
gave  it  birth.  This  is  an  instance  of  what  is  called  "  continuous 
gemmation." 
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Ill  other  cases — as  in  the  common  fresh- water  polype  or 
Hydra — the  buds  which  are  thrown  out  by  the  primitive  or- 
ganism become  developed  into  creatures  exactly  resembling 
the  parent,  but,  instead  of  remaining  permanently  attached, 
and  thus  giving  rise  to  a  compound  organism,  they  are  de- 
tached to  lead  an  entirely  independent  existence.  This  is  a 
simple  instance  of  what  is  termed  "  discontinuous  gemmation." 

The  method  and  results  of  fission  may  be  regarded  as  essen- 
tially the  same  as  in  the  case  of  gemmation.  The  products 
of  the  division  of  the  body  of  the  primitive  organism  may 
either  remain  undetached,  when  they  will  give  rise  to  a  com- 
posite structure  (as  in  many  corals),  or  they  may  be  thrown 
off  and  live  an  independent  existence  (as  in  some  of  the 
Hydrozoa). 

We  are  now  in  a  position  to  understand  what  is  meant, 
strictly  speaking,  by  the  term  "individual."  In  zoological 
language,  an  individual  is  defined  as  equal  to  the  total  result  of 
the  development  of  a  single  ovwjt.^'  Amongst  the  higher  animals 
there  is  no  difficulty  about  this,  for  each  ovum  gives  rise  to  no 
more  than  one  single  being,  which  is  incapable  of  repeating  it- 
self in  any  other  way  than  by  the  production  of  another  ovum ; 
so  that  an  individual  is  a  single  animal.  It  is  most  important, 
however,  to  comprehend  that  this  is  not  necessarily  or  always 
the  case.  In  such  an  organism  as  the  sea-mat,  the  ovum  gives 
rise  to  a  primitive  polypide,  which  repeats  itself  by  a  process 
of  continuous  gemmation  until  an  entire  colony  is  produced, 
each  member  of  which  is  independent  of  its  fellows,  and  is 
capable  of  producing  ova.  In  such  a  case,  therefore,  the  term 
"  individual "  must  be  applied  to  the  entire  colony,  since  this 
is  the  result  of  the  development  of  a  single  ovum.  The  sepa- 
rate beings  which  compose  the  colony  are  technically  called 
zooids.  In  like  manner  the  Hydra,  which  produces  fresh  and 
independent  Hydras  by  discontinuous  gemmation,  is  not  an 
"  individual,"  but  a  zooid.  Here  the  zooids  are  not  perma- 
nently united  to  one  another,  and  the  "  individual "  Hydra 
consists  really  of  the  primitive  Hydra,  plus  all  the  detached 
Hydrae  to  which  it  gave  rise.  In  this  case,  therefore,  the  "  in- 
dividual "  is  composed  of  a  number  of  disconnected  and  wholly 
independent  beings,  all  of  which  are  the  result  of  the  develop- 
ment of  a  single  ovum.  It  is  to  be  remembered  that  both  the 
parent  zooid  and  the  "  produced  zooids  "  are  capable  of  giving 
rise  to  fresh  Hydrse  by  a  true  generative  process.  It  must 
also  be  borne  in  mind  that  this  production  of  fresh  zooids  by  a 
process  of  gemmation  is  not  so  essentially  diff"erent  to  the  true 
sexual  process  of  reproduction  as  might  at  first  sight  appear, 
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since  the  ovum  itself  may  be  regarded  merely  as  a  highly 
specialised  bud.  In  the  Hydra,  in  fact,  where  the  ovum  is  pro- 
duced as  an  external  process  of  the  wall  of  the  body,  this  like- 
ness is  extremely  striking.  The  ovarian  bud,  however,  differs 
from  the  true  gemmae  or  buds  in  its  inability  to  develop  itself 
into  an  independent  organism,  unless  previously  brought  into 
contact  with  another  special  generative  element.  The  only 
exceptions  to  this  statement  are  in  the  rare  cases  of  true  "par- 
thenogenesis," to  be  subsequently  alluded  to. 

b.  Reproduction  by  Intei'ital  Gemination. — Before  considering  the  pheno- 
mena of  "alternate  generations,"  it  will  be  as  well  to  glance  for  a  moment 
at  a  peculiar  form  of  gemmation  exhibited  by  some  of  the  Polyzoa,  which 
is  in  some  respects  intennediate  between  ordinary  discontinuous  gemma- 
tion and  alternation  of  generations.  These  organisms  are  nearly  allied  to 
the  sea-mat,  already  spoken  of,  and,  like  it,  can  reproduce  themselves  by 
continuous  gemmation  (forming  colonies),  by  a  true  sexual  process,  and 
rarely  by  fission.  In  addition  to  all  these  methods  they  can  reproduce 
themselves  by  the  formation  of  peculiar  internal  buds,  which  are  called 
"  statoblasts."  These  buds  are  developed  upon  a  peculiar  cord,  which 
crosses  the  body-cavity,  and  is  attached  at  one  end  to  the  fundus  of  the 
stomach.  When  mature  they  drop  off  from  this  cord,  and  lie  loose  in  the 
cavity  of  the  body,  whence  they  are  liberated  on  the  death  of  the  pai-ent 
organism.  When  thus  liberated,  the  statoblast,  after  a  longer  orshoiter 
period,  mptures  and  gives  exit  to  a  young  Polyzoon,  which  has  essentially 
the  same  structure  as  the  adult.  It  is,  however,  simple,  and  has  to  undergo 
a  process  of  continuous  gemmation  before  it  can  assume  the  compound 
form  proper  to  the  adult. 

As  regards  the  nature  of  these  singular  bodies,  "the  invariable  absence 
of  germinal  vesicle  and  germinal  spot,  and  their  never  exhibiting  the  phe- 
nomena of  yelk-cleavage,  independently  of  the  conclusive  fact  that  true 
ova  and  ovaiy  occur  elsewhere  in  the  same  individual,  are  quite  decisive 
against  their  being  eggs.  We  must  then  look  upon  them  as  gemmcB  pecu- 
liarly encysted,  and  destined  to  remain  for  a  period  in  a  quiescent  or  pupa- 
like state  "  (AUman). 

c.  Alteriiation  of  Generations. — In  the  case  of  the  Hydra  and 
the  sea-mat,  which  we  have  considered  above,  fresh  zooids  are 
produced  by  a  primordial  organism  by  gemmation ;  the  beings 
thus  produced  (as  well  as  the  parent)  being  capable  not 
only  of  repeating  the  gemmiparous  process,  but  also  of  pro- 
ducing new  individuals  by  a  true  generative  -  act.  We  have 
now  to  consider  a  much  more  complex  series  of  phenomena, 
in  which  the  organism  which  is  developed  from  the  primitive 
ovum  produces  by  gemmation  two  sets  of  zooids,  one  of  which 
is  destitute  of  sexual  organs,  and  is  capable  of  performing  no 
other  function  than  that  of  nutrition,  whilst  the  other  is  pro- 
vided with  reproductive  organs,  and  is  destined  for  the  per- 
petuation of  the  species.  In  the  former  case  the  produced 
zooids  all  resembled  each  other,  and  the  parent  organism 
which  gave  rise  to  them;  in  the  latter  case,  the  produced 

C 


34 


MANUAL  OF  ZOOLOGY. 


zooids  are  often  utterly  unlike  each  other  and  unlike  the 
parent,  since  their  functions  are  entirely  different. 

The  simplest  form  of  the  process  is  seen  in  certain  of  the 
Hydroid  Polypes,  such  as  Hydractinia.  The  ovum  of  Hydrac- 
tinia  is  a  free  -  swimming  ciliated  body,  which,  after  a  short 
locomotive  existence,  attaches  itself  to  some  submarine  object, 
develops  a  mouth  and  tentacles,  and  commences  to  produce 
zooids  like  itself  by  a  process  of  continuous  gemmation.  These 
remain  permanently  attached  to  one  another,  with  the  result 
that  a  compound  organism  is  produced,  consisting  of  a  num- 
ber of  zooids,  or  "  polypites,"  organically  connected  together, 
but  enjoying  an  independent  existence.  None  of  the  zooids, 
however,  are  provided  with  sexual  organs ;  and  though  there 
is  theoretically  no  limit  to  the  size  which  the  colony  may  reach 
by  gemmation,  its  buds  are  not  detached,  and  the  species  would 
therefore  die  out,  unless  some  special  provision  were  made  for 
its  preservation.  Besides  these  nutritive  zooids,  however,  other 
buds  are  produced  which  differ  considerably  in  appearance 
from  the  former,  and  which  have  the  power  of  generating  the 
essential  elements  of  reproduction.  These  generative  zooids 
derive  their  nourishment  from  the  materials  collected  by  the 
nutritive  zooids,  but  only  live  until  the  ova  are  matured  in  their 
interior  and  liberated,  when  they  disappear.  The  ova  thus 
produced  become  free-swimming  ciliated  bodies,  such  as  the 
one  with  which  the  cycle  began. 

In  this  case,  therefore,  the  "  individual "  consists  of  a  series 
of  nutritive  zooids,  collectively  called  the  "trophosome,"  and 
another  series  of  reproductive  zooids,  collectively  called  the 
"  gonosome,"  the  entire  series  remaining  in  organic  connection. 

In  other  Hydroid  Zoophytes  allied  to  the  preceding  (such 
as  Clytia),  the  process  advances  a  step  further.  In  Clytih  the 
generative  buds,  or  zooids,  do  not  produce  the  reproductive 
elements  as  long  as  they  remain  attached  to  the  parent  colony; 
but  they  require  a  preliminary  period  of  independent  existence. 
For  this  purpose  they  are  specially  organised,  and  when  suffi- 
ciently mature  they  are  detached  from  the  stationary  colon)^ 
The  generative  zooid  now  appears  as  an  entirely  independent 
being,  described  as  a  species  of  jelly-fish  (or  Medusa).  It  con- 
sists of  a  bell-shaped  disc,  by  means  of  which  it  is  enabled  to 
swim  freely;  from  the  centre  of  this  disc  depends  a  nutritive  pro- 
cess, with  a  mouth  and  digestive  cavity,  whereby  the  organism 
is  able  to  increase  considerably  in  size.  The  substance  of  the 
disc  is  penetrated  by  a  complex  system  of  canals,  and  from  its 
margin  hangs  a  series  of  tentacular  processes.  After  a  period 
of  independent  locomotive  existence,  the  Medusa  attains  its 
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full  growth,  when  it  develops  ova  and  spermatozoa.  By  the 
contact  of  these,  embryos  are  produced ;  but  these,  instead  of 
resembling  the  jelly-fish  by  which  they  were  immediately  gen- 
erated, proceed  to  develop  themselves  into  the  fixed  Hydroid 
colony  by  which  the  Medusa  was  originally  produced. 

Still  more  extraordinary  phenomena  have  been  discovered 
in  other  Hydrozoa,  as  in  many  of  the  Lucernarida.  In  these 
the  ovum  gives  rise  to  a  locomotive  ciliated  body,  which  ulti- 
mately fixes  itself,  becomes  trumpet-shaped,  and  develops  a 
mouth  and  tentacles  at  its  expanded  extremity,  when  it  is 
known  as  the  "hydra-tuba,"  from  its  resemblance  to  the  fresh- 
water polype,  or  Hydra.  The  hydra-tuba  has  the  power  of 
multiplying  itself  by  gemmation,  and  it  can  produce  large  col- 
onies in  this  way  ;  but  it  does  not  obtain  the  power  of  gener- 
ating the  essential  elements  of  reproduction.  Under  certain 
circumstances,  however,  the  hydra-tuba  enlarges,  and,  after  a 
series  of  preliminary  changes,  divides  by  transverse  fission  into 
a  number  of  segments,  each  of  which  becomes  detached  and 
swims  away.  These  liberated  segments  of  the  little  hydra-tuba 
(it  is  about  half  an  inch  in  height)  now  live  as  entirely  inde- 
pendent beings,  which  were  described  by  naturalists  as  distinct 
animals,  and  were  called  Ephyrse.  They  are  provided  with  a 
swimming-bell,  or  "  umbrella,"  by  means  of  which  they  propel 
themselves  through  the  water,  and  with  a  mouth  and  digestive 
cavity.  They  now  lead  an  active  life,  feeding  eagerly,  and 
attaining  in  some  instances  a  perfectly  astonishing  size  (the 
Medusoids  of  some  species  are  several  feet  in  circumference). 
After  a  while  they  develop  the  essential  elements  of  reproduc- 
tion, and  after  the  fecundation  and  liberation  of  their  ova  they 
die.  The  ova,  however,  are  not  developed  into  the  free-swim- 
ming and  comparatively  gigantic  jelly-fish  by  which  they  were 
immediately  produced,  but  into  the  minute,  fixed,  sexless  hydra- 
tuba. 

We  thus  see  that  a  small  sexless  zooid,  which  is  capable  of 
multiplying  itself  by  gemmation,  produces  by  fission  several 
independent  locomotive  beings,  which  are  capable  of  nourish- 
ing themselves  and  of  performing  all  the  functions  of  life.  In 
these  are  produced  generative  elements,  which  give  rise  by 
their  development  to  the  little  fixed  creature  with  which  the 
series  began. 

To  the  group  of  phenomena  of  which  tl  ie  above  are  examples, 
the  name  "alternation  of  generations  "  was  applied  by  Steen- 
strup  ^  but  the  name  is  not  an  appropriate  one,  since  the  pro- 
cess IS  truly  an  alternation  of  generation  with  gemmation  or 
fission.    The  only  generative  act  takes  place  in  the  reproduc- 
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tive  zooid,  and  the  production  of  this  from  the  nutritive  zooid 
is  a  process  of  gemmation  or  lission,  and  not  a  process  of  gen- 
eration. The  "  individual,"  in  fact,  in  all  these  cases  must  be 
looked  upon  as  a  double  being  composed  of  two  factors,  both 
of  which  lead  more  or  less  completely  independent  lives,  the 
one  being  devoted  to  nutrition,  the  other  to  reproduction.  The 
generative  being,  however,  is  in  many  cases  not  at  first  able  to 
mature  the  sexual  elements,  and  is  therefore  provided  with  the 
means  necessary  for  its  growth  and  nourishment  as  an  inde- 
pendent organism.  It  must  also  be  remembered  that  the 
nutritive  half  of  the  "  individual "  is  usually,  and  the  generative 
half  sometimes,  compound — that  is  to  say,  composed  of  a  num- 
ber of  zooids  produced  by  continuous  gemmation  ;  so  that  the 
zoological  individual  in  these  cases  becomes  an  extremely  com- 
plex being. 

These  phenomena  of  so-called  "  alternation  of  generations," 
or  "  metagenesis,"  occur  in  their  most  striking  form  amongst 
the  Hydrozoa ;  but  they  occur  also  amongst  many  of  the  in- 
testinal worms  (Entozoa),  and  amongst  some  of  the  Tunicata 
(Molluscoida). 

d.  Parthenogenesis. —  -'Parthenogenesis"  is  the  term  employed 
to  designate  certain  singular  phenomena,  resulting  in  the  pro- 
duction of  new  individuals  by  virgin  females  without  the  inter- 
vention of  a  male.  By  Professor  Owen,  who  first  employed  the 
term,  parthenogenesis  is  applied  also  to  the  processes  of  gem- 
mation and  fission,  as  exhibited  in  sexless  beings  or  in  virgin 
females  ;  but  it  seems  best  to  consider  these  phenomena  sepa- 
rately. Strictly  the  term  parthenogenesis  ought  to  be  confined 
to  the  production  of  new  individuals  from  virgin  females  by 
means  of  ova,  which  are  enabled  to  develop  themselves  with- 
out the  contact  of  the  male  element.  The  difficulty  in  this 
definition  is  found  in  framing  an  exact  definition  of  an  ovum, 
such  as  will  distinguish  it  from  an  internal  gemma  or  bud.  No 
body,  however,  should  be  called  an  "  ovum  "  which  does  not 
exhibit  a  germinal  vesicle  and  germinal  spot,  and  which  does 
not  exhibit  the  phenomenon  known  as  segmentation  of  the 
yelk.  Moreover,  ova  are  almost  invariably  produced  by  a 
special  organ,  or  ovary. 

As  examples  of  parthenogenesis,  we  may  take  the  cases  of 
the  Plant-lice  (Aphides),  the  Honey-bee,  and  certain  Crustacea; 
though  in  the  case  of  the  first  of  these  it  is_  possible  that  the 
phenomena  observed  may  admit  of  explanation  otherwise  than 
as  an  instance  of  parthenogenesis  strictly  so  called. 

The  Aphides,  or  plant-lice,  which  are  so  commonly  found 
parasitic  upon  plants,  are  seen  towards  the  close  of  autumn  to 
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consist  of  male  and  female  individuals.  By  the  sexual  union 
of  these  true  ova  are  produced,  which  remain  dormant  through 
the  winter.  At  the  approach  of  spring  these  ova  are  hatched  ; 
but  instead  of  giving  birth  to  a  number  of  males  and  females, 
all  the  young  are  of  one  kind,  variously  regarded  as  neuters, 
virgin  females,  or  hermaphrodites.  Whatever  their  true  nature 
may  be,  these  individuals  produce,  viviparously,  a  brood  of 
young  which  resemble  themselves ;  and  this  second  generation, 
in  like  manner,  produces  a  third, — and  so  the  process  may  be 
repeated,  for  as  many  as  ten  or  more  generations,  throughout 
the  summer.  When  the  autumn  comes  on,  however,  the  vivi- 
parous Aphides  produce — in  exactly  the  same  manner — a  fihal 
brood,  but  this,  instead  of  being  composed  entirely  of  similar 
individuals,  is  made  up  of  males  and  females.  Sexual  union 
now  takes  place,  and  ova  are  produced  and  fecundated  in  the 
ordinary  manner. 

The  viviparous  Aphides  are  either  wingless  or  winged  ;  and 
the  number  of  young  produced  is  so  great  that  it  has  been 
calculated  that  a  single  Aphis  might,  in  this  way,  be,  during 
the  summer  months,  and  by  the  time  the  tenth  generation  was 
reached,  the  progenitor  of  no  less  than  one  quintillion  of  indi- 
viduals. Each  viviparous  Aphis  possesses  an  ovary,  which 
only  differs  from  that  of  the  fertile  females  in  being  without 
certain  secondary  adjuncts.  This  "  pseudovarium  "  produces 
egg-like  bodies  or  "  pseudova,"  which  are  directly  developed 
into  young  Aphides — the  latter  being  thus  produced  by  "the 
individualisation  of  previously-organised  tissue." 

The  differences  between  the  "  pseudova  "  and  true  ova  are 
in  no  way  anatomical,  but  are  wholly  physiological ;  and  the 
decision  involved  in  the  viviparous  reproduction  of  the  Aphides 
turns  simply  upon  the  question  as  to  whether  the  viviparous 
individuals  possess,  in  addition  to  the  pseudovarium,  a  testis, 
or  whether  male  organs  are  absent.  Most  observers  maintain 
that  the  viviparous  Aphides  are  wholly  destitute  of  male  organs 
of  reproduction,  in  which  case  the  phenomena  just  described 
can  only  be  explained  as  an  example  of  parthenogenesis.  On 
the  other  hand,  Balbiani  maintains  that  the  viviparous  Aphides 
are  really  hermaphrodite,  in  which  case,  of  course,  the  phe- 
nomena are  of  a  much  less  abnormal  character. 

In  the  second  case  of  alleged  parthenogenesis  which  we  are 
about  to  examine — namely,  in  the  honey-bee — the  phenomena 
which  have  been  described  are  now  generally  accepted  as  free 
from  doubt.  A  hive  of  bees  consists  of  three  classes  of  indi- 
viduals— I,  a  "queen,"  or  fertile  female;  2,  the  "workers," 
which  form  the  bulk  of  the  community,  and  are  really  unde- 
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veloped  or  sterile  females;  and,  3,  the  "drones,"  or  males, 
which  are  only  produced  at  certain  times  of  the  year.  We  have 
here  three  distinct  sets  of  beings,  all  of  which  proceed  from  a 
single  fertile  individual ;  and  the  question  arises,  In  what  man- 
ner are  the  differences  between  these  produced  ?  At  a  certain 
period  of  the  year  the  queen  leaves  the  hive,  accompanied  by 
the  drones  (or  males),  and  takes  what  is  known  as  her  "nuptial 
flight"  through  the  air.  In  this  flight  she  is  impregnated  by 
the  males  ;  and  it  is  immaterial  whether  this  act  occurs  once  in 
the  life  of  the  queen,  or  several  times.  Be  this  as  it  may,  the 
queen,  in  virtue  of  this  single  impregnation,  is  enabled  to  pro- 
duce fresh  individuals  for  a  lengthened  period,  the  semen  of 
the  males  being  stored  up  in  a  receptacle  which  communicates 
by  a  tube  with  the  oviduct,  from  which  it  can  be  shut  off"  at 
will.  The  ova  which  are  to  produce  workers  (undeveloped 
females)  and  queens  (fertile  females)  are  fertilised  on  their 
passage  through  the  oviduct,  the  semen  being  allowed  to 
escape  into  the  oviduct  for  this  purpose.  The  subsequent 
development  of  these  fecundated  ova  into  workers  or  queens 
depends  entirely  upon  the  form  of  the  cell  into  which  the 
ovum  is  placed,  and  upon  the  nature  of  the  food  which  is 
supplied  to  the  larva.  So  far  there  is  no  doubt  as  to  the  nature 
of  the  phenomena  which  are  observed.  It  is  asserted,  how- 
ever, by  Dzierzon  and  Siebold,  that  the  males  or  drones  are 
produced  by  the  queen  from  ova  which  she  does  not  allow  to 
come  into  contact  with  the  semen  as  they  pass  through  the 
oviduct.  This  assertion  is  supported  by  the  fact  that  if  the 
communication  between  the  receptacle  for  the  semen  and  the 
oviduct  be  cut  off,  the  queen  will  produce  nothing  but  males. 
Also,  in  crosses  between  the  common  honey-bee  and  the  Ligu- 
rian  bee,  the  queens  and  workers  alone  exhibit  any  inter- 
mediate characters  between  the  two  forms,  the  drones  present- 
ing the  unmixed  characters  of  the  queen  by  whom  they  were 
produced. 

If  these  observations  are  to  be  accepted  as  established — 
and,  upon  the  whole,  there  can  be  no  hesitation  in  accepting 
them  as  in  the  main  correct — then  the  drones  are  produced 
by  a  true  process  of  parthenogenesis;  but  some  observers 
maintain  that  the  development  of  any  given  ovum  into  a 
drone  is  really  due— as  in  the  case  of  the  queens  and  workers 
—to  the  special  circumstances  under  which  the  larva  is 
brought  up.* 

*  In  the  case  of  Polistes  Gallica,  Von  Siebold  appears  to  have  proved 
beyond  reasonable  doubt  that  the  males  are  produced  by  a  process  of  par- 
thenogenesis.   Landois,  however,  asserts  that  the  eggs  of  nisects  are  of  no 
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Among  the  Crustaceans,  parthenogenesis  has  been  estab- 
lished as  occurring  in  some  of  the  water-fleas  {Cladocerd)  and 
in  various  of  the  Phyllopods  {Apiis,  Lwtnadia,  Artemia,  &c.). 
In  these  latter  it  is  the  female  which  is  produced  partheno- 
genetically;  whereas  in  the  honey-bee  and  in  Polistes  it  is  the 
male. 

There  are  various  other  cases  in  which  parthenogenesis  is 
said  to  occur,  but  the  above  will  sufiice  to  indicate  the  general 
character  of  the  phenomena  in  question.  The  theories  of  par- 
thenogenesis appear  to  be  too  complex  to  be  introduced  here; 
and  there  is  the  less  to  regret  in  their  omission,  as  naturalists 
have  not  yet  definitely  adopted  any  one  explanation  of  the 
plienomena  to  the  exclusion  of  the  rest. 

From  the  phenomena  of  asexual  reproduction  in  all  its 
forms,  M.  de  Quatrefages  has  deduced  the  following  general- 
isation : — 

"The  formation  of  new  individuals  may  take  place,  in  some 
instances,  by  gemmation  from,  or  division  of,  the  parent-being; 
but  this  process  is  an  exhaustive  one,  and  cannot  be  canied 
out  indefinitely.  When,  therefore,  it  is  necessary  to  insure  the 
continuance  of  the  species,  the  sexes  must  present  themselves, 
and  the  germ  and  sperm  must  be  allowed  to  come  in  contact 
with  one  another." 

It  should  be  added  that  the  act  of  sexual  reproduction, 
though  it  insures  the  perpetuation  of  the  species,  is  very  de- 
structive to  the  life  of  the  individual.  The  formation  of  the 
essential  elements  of  reproduction  appears  to  be  one  of  the 
highest  physiological  acts  of  which  the  organism  is  capable, 
and  it  is  attended  with  a  corresponding  strain  upon  the  vital 
energies.  In  no  case  is  this  more  strikingly  exhibited  than  in 
the  case  of  insects,  many  of  which  pass  the  greater  portion  of 
their  existence  in  a  sexually  immature  condition,  and  die  al- 
most immediately  after  they  have  become  sexually  perfect  and 
have  consummated  the  act  whereby  the  perpetuation  of  the 
species  is  secured. 

12.  Development,  Transformation,  and  Metamorphosis. 

Developmejit  is  the  general  term  applied  to  all  those  changes 
which  a  germ  undergoes  before  it  assumes  the  characters  of 
the  perfect  individual ;  and  the  chief  differences  which  are  ob- 

sex,  that  sex  is  only  developed  in  the  larva  after  its  emergence  from  the 
egg,  and  that  in  each  individual  larva  the  sex  is  determined  wholly  by  the 
nature  of  the  food  upon  which  it  is  brought  up  ;  abundant  nourishment 
producing  females,  and  scanty  diet  giving  rise  to  males. 
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served  in  the  process  as  it  occurs  in  different  animals  consist 
simply  in  the  extent  to  which  these  changes  are  external  and 
visible,  or  are  more  or  less  completely  concealed  from  view. 
For  these  differences  the  terms  "  transformation  "  and  "  meta- 
morphosis "  are  employed ;  but  they  must  be  regarded  as 
essentially  nothing  more  than  variations  of  development. 

Transformation  is  the  term  employed  by  Quatrefages  to 
designate  "  the  series  of  changes  which  every  germ  undergoes 
in  reaching  the  embryonic  condition ;  those  which  we  observe 
in  every  creature  still  within  the  egg ;  those,  finally,  which  the 
species  born  in  an  imperfectly  developed  state  present  in  the 
course  of  their  external  life." 

Metamorphosis  is  defined  by  the  same  author  as  including 
the  alterations  which  are  "undergone  after  exclusion  from  the 
egg,  and  which  alter  extensively  the  general  form  and  mode  of 
life  of  the  individual." 

Though  by  no  means  faultless,  these  terms  are  sufficiently 
convenient,  if  it  be  remembered  that  they  are  merely  modifi 
cations  of  development,  and  express  differences  of  degi^ee  and 
not  of  kind.  An  insect,  such  as  a  butterfly,  is  the  best  illus- 
tration of  what  is  meant  by  these  terms.  All  the  changes 
which  are  undergone  by  a  butterfly  in  passing  from  the  fecun- 
dated ovum  to  the  condition  of  an  imago,  or  perfect  insect, 
constitute  its  development.  The  egg  which  is  laid  by  a  butter- 
fly undergoes  a  series  of  changes  which  eventuate  in  its  giv- 
ing birth  to  a  caterpillar,  these  preliminary  changes  constitut- 
ing its  transforination.  The  caterpillar  grows  rapidly,  and 
after  several  changes  of  skin  becomes  quiescent,  when  it  is 
known  as  a  "  chrysalis."  It  remains  for  a  longer  or  shorter 
time  in  this  quiescent  and  apparently  dead  condition,  during 
which  period  developmental  changes  are  going  on  rapidly  in 
its  interior.  Finally,  the  chrysalis  ruptures,  and  there  escapes 
from  it  the  perfect  winged  insect.  To  these  changes  the  term 
metamorphosis  is  rightly  applied.  These  changes,  however,  do 
not  differ  in  kind  from  the  changes  undergone  by  a  Mammal ; 
the  difference  being  that  in  the  case  of  a  Mammal  the  ovum 
is  retained  within  the  body  of  the  parent,  where  it  undergoes 
the  necessary  developmental  changes,  so  that  at  birth  it  has 
little  to  do  but  grow,  in  order  to  be  converted  into  the  adult 
animal. 

From  these  considerations  we  arrive  at  a  second  generalisa- 
tion, which  is  thus  formulated  by  Quatrefages :  "Those  crea- 
tures whose  ova — owing  to  an  insufficient  supply  of  nutritious 
contents,  and  an  incapacity  on  the  part  of  the  mother  to  pro- 
vide for  their  complete  development  within  her  own  sub- 
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Stance — are  rapidly  hatched,  give  birth  to  imperfect  offspring, 
which,  in  proceeding  to  their  definitive  characters,  undergo 
several  alterations  in  structure  and  form,  known  as  metamor- 
phoses." 

Retrograde  Develop7ne7it. — Ordinarily  speaking,  the  course 
of  development  is  an  ascending  one_,  and  the  adult  is  more 
highly  organised  than  the  young  j  but  there  are  cases  in  which 
there  is  an  apparent  reversal  of  this  law,  and  the  adult  is 
to  all  appearance  a  degraded  form  when  compared  with  the 
embryo.  This  phenomenon  is  known  as  "  retrograde "  or 
"recurrent"  development;  and  well-marked  instances  are 
found  amongst  the  Cirripedia  and  Lernasse,  both  of  which  be- 
long to  the  Crustacea. 

Thus,  in  the  Cirripedes  (acorn-shells,  &c.)  and  in  the 
parasitic  Lernteae  (fig.  2),  the  embryo  is  free-swimming  and 
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Fig.  2. — A,  Young  of  one  of  the  parasitic  Crustaceans  {Achtheres),  with  its  swimming- 
paddles  and  eye-spots,  magnified  ;  B,  Deformed  and  swollen  parasitic  adult  of  an- 
other member  of  the  same  group  (^LemcEci). 

provided  with  organs  of  vision  and  sensation,  being  in  most 
respects  similar  to  the  permanent  condition  of  certain  other 
Crustacea,  such  as  the  Copepods.  The  adult,  however,  in 
both  cases,  is  degraded  into  a  more  or  less  completely  seden- 
tary animal,  more  or  less  entirely  deprived  of  organs  of  sense, 
and  leading  an  almost  vegetative  life.  As  a  compensation, 
reproductive  organs  are  developed  in  the  adult,  and  it  is  in 
this  respect  superior  to  the  locomotive,  but  sexless,  larva. 

13.  Spontaneous  Generation. 

Spontaneous  or  Equivocal  generation  is  the  term  appHed  to 
the  alleged  production  of  living  beings  without  the  pre-exist- 
ence  of  germs  of  any  kind,  and  therefore  without  the  pre-exist- 
ence  of  parent  organisms.  The  question  is  one  which  has 
been  long  and  closely  disputed,  and  is  far  from  being  settled  ; 
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SO  that  it  will  be  sufficient  to  indicate  the  facts  upon  which  the 
theory  rests. 

If  an  animal  or  vegetable  substance  be  soaked  in  hot  or 
cold  water,  so  as  to  make  an  organic  infusion,  and  if  this  in- 
fusion  be  exposed  for  a  sufficient  length  of  time  to  tlie  air,  the 
following  series  of  changes  is  usually  observed  : — 

I.  At  the  end  of  a  longer  or  shorter  time,  there  forms  upon 
the  surfoce  of  the  infusion  a  thin  scum,  or  pellicle,  which, 
Avhen  examined  microscopically,  is  found  to  consist  of  an  in- 
calculable number  of  extremely  minute  molecules  (fig.  3,  A). 


A  B 

Fig.  3. — A,  Living  particles  or  molecules  developed  in  organic  infusions.    B,  Bacteria 
developed  in  organic  infusions,  highly  magnified.    (After  Beale.) 

2.  In  the  next  stage  these  molecules  appear,  many  of  them, 
to  have  increased  in  size  by  endogenous  division,  till  they 
form  short  staff-shaped  filaments,  called  "  bacteria  "  (fig.  3,  B). 
Others  increase  in  length  by  the  same  process  until  we  get  long 
filamentous  bodies  produced,  which  ai^e  termed  "  vibriones."  * 
Both  the  bacteria  and  the  vibrios  now  exhibit  a  vibratile  or 
serpentine  movement  through  the  surrounding  fluid. 

3.  After  a  varying  period,  the  bacteria  and  vibrios  become 
motionless,  and  disintegrate  so  as  to  produce  again  a  finely 
molecular  pellicle. 

4.  Little  spherical  bodies  may  now  appear,  each  of  which  is 
provided  with  a  vibratile  cilium  with  which  it  moves  actively 
through  the  infusion  (Monas  lens). 

5.  Varied  forms  of  ciliated  Infusoria — some  of  which  possess 
a  mouth  and  are  otherwise  highly  organised — may  make  their 
appearance  in  the  fluid. 

The  above  is  the  general  sequence  of  the  phenomena  which 

*  By  some  authorities  it  is  believed  that  the  bacteria  are  produced  by 
the  fusion  together  of  the  primitive  molecules  in  twos  and  threes.  ;  and  that 
the  vibrios  are  produced  out  of  the  bacteria  by  the  addition  of  fresh  mole- 
cules to  the  extremities  of  the  latter,  or  by  their  uniting  with  one  another. 
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have  been  observed,  and  the  following  are  the  two  theories 
which  have  been  advanced  to  account  for  them  : — 

a.  By  the  advocates  of  spontaneous  generation,  "Abio- 
genesis"or  "  Heterogeny,"  it  is  affirmed  that  the  Infusoria 
which  finally  appear  in  the  infusion,  are  produced  spontane- 
ously out  of  the  molecular  pellicle,  the  molecules  of  which  are 
also  of  spontaneous  origin,  and  are  not  derived  from  any  pre- 
existing germs. 

b.  By  the  panspermists,"  or  the  opponents  of  spontaneous 
generation,  it  is  alleged,  on  the  other  hand,  that  the  produc- 
tion of  Bacteria,  Vibrios,  Monads,  and  Infusoria,  in  organic 
infusions,  is  due  simply  to  the  fact  that  the  atmosphere,  and 
probably  the  fluid  itself,  is  charged  with  innumerable  germs — ■ 
too  minute,  perhaps,  to  be  always  detectable  by  the  micro- 
scope— which,  obtaining  access  to  the  fluid,  and  finding  there 
favourable  conditions,  are  developed  into  living  beings. 

A  large  number  of  elaborate  experiments  have  been  carried 
out  to  prove  that  atmospheric  air  is  absolutely  necessary  for 
the  production  of  these  living  beings,  and  that  if  the  air  be 
properly  purified  by  passage  through  destructive  chemical 
reagents,  no  such  organisms  will  be  produced,  provided  that 
the  infusion  have  been  previously  boiled.  As  the  results  of  all 
these  experimental  trials  have  hitherto  proved  more  or  less 
contradictory,  it  is  unnecessary  to  enter  into  the  question 
further,  and  it  will  be  sufficient  to  indicate  the  following 
general  considerations  : — 

a.  The  primary  molecules  which  appear  in  the  fluid  are  ex- 
tremely minute,  and  if  they  are  developed  from  germs,  these 
may  be  so  small  as  to  elude  any  power  of  the  microscope  yet 
known  to  us.  As  they  subsequently  become  converted  into 
bacteria  and  vibrios,  and  as  there  can  be  little  dispute  as  to 
these  being  truly  living  organisms,  we  are  obliged  to  believe 
that  they  must  have  had  some  definite  origin.  It  appears, 
however,  to  be  hardly  philosophical  to  assume  that  they  form 
themselves  out  of  the  inorganic  materials  of  the  infusion ;  since 
this  implies  the  sudden  appearance,  or  creation,  of  new  force, 
for  which  there  seems  to  be  no  means  of  accounting. 

b.  The  nature  of  the  vibrios  must  be  looked  upon  as  un- 
certain. To  say  the  least  of  it,  they  are  quite  as  likely  to  be 
plants  as  animals;  and  the  most  probable  hypothesis  would 
place  them  near  the  filamentous  Confervae,  or  would  regard 
them  as  the  mycelium  of  various  species  of  Moulds  {Fenicil- 
hum).  The  bacteria  are  undoubtedly  of  a  vegetable  nature 
and  referable  to  the  AlgcB.  ' 

c.  What  has  been  said  above  with  regard  to  the  origin  of 
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the  bacteria  and  vibrios  applies  equally  to  the  origin  of  the 
Monads,  which  appear  in  the  infusion  subsequently  to  the 
death  of  the  vibrios. 

d.  These  monads,  as  shown  by  recent  researches,  are  pro- 
bably to  be  looked  upon  as,  in  some  cases  at  any  rate,  the 
embryonic,  or  larval,  forms  of  the  higher  Infusoria  which  suc- 
ceed them. 

e.  Many  of  the  Infusoria  which  finally  appear  are  of  a 
comparatively  high  grade  of  organisation,  being  certainly  the 
highest  of  the  Protozoa,  and  being  placed  by  some  competent 
observers  in  the  neighbourhood  of  the  Trematode  Worms 
(Annuloida).  It  is  therefore  very  unlikely  that  these  should 
be  generated  spontaneously ;  since,  if  this  ever  occurs,  it  is 
reasonable  to  suppose  that  the  creatures  thus  produced  will  be 
of  the  lowest  possible  organisation  (such  as  the  Gregarinids 
or  the  Monera,  for  example),  and  will  be  far  below  the  In- 
fusoria in  point  of  structure. 

/  The  reproductive  process  in  many  of  these  same  Infusoria 
is  perfectly  well  known,  and  it  consists  either  in  a  true  sexual 
process,  for  which  proper  organs  are  provided  (as  in  Paramoe- 
cium),  or  in  a  process  of  gemmation  or  fission.  It  is  therefore 
improbable  that  they  should  be  generated  in  the  manner  main- 
tained by  the  heterogenists,  since  this  mode  of  reproduction 
would  appear  to  be  superfluous. 

g.  In  the  absence  of  any  direct  proof  to  the  contrary,  it 
is  safer  to  adopt  an  explanation  of  the  observed  phenomena 
which  does  not  have  recourse  to  laws  with  which  we  are  as  yet 
unacquainted.  Thus,  it  is  not  at  variance  with  any  known  law 
to  suppose  that  the  primary  molecules  are  the  result  ot  the 
development  of  germs  which  find  in  the  organic  infusion  a 
suitable  nidus ;  that  these  primary  molecules  and  the  vibrios 
which  they  produce  are  referable  to  the  Protophyta,  and  should 
probably  be  placed  near  the  filamentous  Confervce ;  that  by 
the  death  of  these  vegetable  organisms  the  fluid  is  prepared 
for  the  reception  and  development  of  the  germs  of  the  Pro- 
tozoa, for  which  the  former  serve  as  pahdtim;  and  that  many 
of  the  forms  which  are  observed  are  the  larval  stages  of  the 
higher  Infusoria. 

h.  Recent  researches,  especially  those  of  Dr  Bastian,  have 
estabHshed  some  new  facts  as  to  the  possibility  of  spontaneous 
generation,  but  they  can  by  no  means  be  said  to  have  settled 
the  question,  if  only  upon  the  ground  that  they  require  con- 
firmation by  other  experimentalists.  The  chief  fact  which  ap- 
pears to  have  been  established  upon  a  tolerably  firm  basis  is, 
that  living  beings,  vegetable  or  animal,  may  make  their  ap- 
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pearance  in  organic  infusions  which  have  been  subjected  to  a 
temperature  of  considerably  over  the  boiling-point,  even  though 
the  said  infusions  have  been  hermetically  sealed  in  a  flask  from 
which  all  atmospheric  air  has  been  previously  withdrawn.  The 
chief  deduction  which  appears  to  flow  from  this — assuming  its 
correctness — is,  that  there  are  low  organisms  which  can  exist, 
for  a  certain  length  of  time  at  any  rate,  with  an  extremely 
small  amount  of  air;  for  it  is  to  be  remembered  that  the  pro- 
duction of  a  theoretically  perfect  vacuum  is  probably  practically 
impossible.  If  it  were  conceded,  in  fact,  that  a  perfect  vacu- 
um had  been  formed  in  the  experiments  in  question,  the  sole 
result  would  be  that  we  should  have  to  alter  all  our  beliefs  as 
to  the  conditions  under  which  life  is  a  possibility.  The  only 
tangible  result  of  these  experiments,  so  far,  is,  that  any  sup- 
posed " pre-existent  germs"  must  have  been  contained,  if 
present  at  all,  in  the  infinitesimal  portion  of  air  which  could 
not  be  expelled  from  the  flasks  experimented  on ;  or,  they 
must  have  been  able  to  withstand  without  injury  a  tempera- 
ture of  over  212"^.  Mr  Crace-Calvert,  indeed,  asserts  that  he 
has  experimentally  shown  that  vibrios  can  survive  exposure  to 
temperature  exceeding  300'  Fahrenheit,  and  Messrs  Dallinger 
and  Drysdale  have  shov/n  the  same  of  the  germs  of  bacteria. 
Neither  of  these  hypotheses  is  wholly  incredible;  but  the 
question  ought  to  be  regarded  as  ^t-i^siib  j'udice,  and  there  is 
grave  doubt  as  to  the  reliability  and  accuracy  of  the  experi- 
ments above  alluded  to.  Under  any  circumstances,  the  entire 
question  is  one  of  such  complexity  as  to  be  altogether  un- 
suited  for  discussion  here. 

i.  Still  more  recent  researches,  carried  out  in  a  series  of 
elaborate  experiments  by  Professor  Tyndall,  have  supplied  us 
with  a  complete  physical  demonstration  that  ordinary  atmo- 
spheric air  is  invariably  charged  with  innumerable  particles  of 
solid  matter,  which  are  so  immeasurably  minute  as  to  be  in- 
capable of  detection  by  the  highest  known  powers  of  the 
microscope.  The  same  observer  has  further  shown  that 
vibrios  and  bacteria  are  never  produced  in  organic  infusions, 
which,  subsequent  to  boiling,  are  exposed  only  to  air  from 
which  these  floating  molecules  have  been  completely  removed. 
In  the  face  of  these  observations,  it  is  difficult  to  see  how  the 
doctrine  of   abiogenesis  "  can  maintain  its  ground. 

14.  Origin  of  Species. 

It  is  impossible  here  to  do  more  than  merely  indicate  in  the 
briefest  manner  the  two  fundamental  ideas  which  are  at  the 
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bottom  of  all  the  various  theories  as  to  the  origin  of  species. 
The  opinions  of  scientific  men  are  still  divided  upon  this  sub- 
ject; and  it  will  be  sufficient  to  give  an  outline  of  the  two 
leading  theories,  without  adducing  any  of  the  reasoning  upon 
which  they  are  based. 

Doctrine  of  Special  Creation.~0\\  this  doctrine  of  the 
origin  of  species  it  is  believed  that  species  are  immutable  pro- 
ductions, each  of  which  has  been  specially  created  at  some 
point  within  the  area  in  which  we  now  find  it,  to  meet  the 
external  conditions  there  prevailing,  subsequently  spreading 
from  this  spot  as  far  as  the  conditions  of  life  were  suitable 
for  it. 

II.  Doctrine  of  Development.— On  the  other  hand,  it  is  be- 
lieved that  species  are  not  permanent  and  immutable,  but  that 
they  "undergo  modification,  and  that  the  existing  forms  of  life 
are  the  descendants  by  true  generation  of  pre-existing  forms  " 
(Darwin). 

On  Lamarck's  theory  of  the  development  of  species,  the 
means  of  modification  were  ascribed  to  the  action  of  external 
physical  agencies,  the  inter-breeding  of  already  existing  forms, 
and  the  effects  of  habit. 

The  doctrine  of  the  development  of  species  by  variation  and 
natural  selection  —  propounded  by  Darwin,  and  commonly 
known  as  the  Darwinian  theory — is  based  upon  the  following 
fundamental  propositions : — 

1.  The  progeny  of  all  species  of  animals  and  plants  exhibit 
variations  amongst  themselves  in  all  parts  of  their  organisation, 
no  two  individuals  being  exactly  and  in  all  respects  alike.  In 
other  words,  in  every  species  the  individuals,  whilst  inheriting 
a  general  likeness  to  their  progenitors,  tend  by  variation  to 
diverge  from  the  parent-type  in  some  particular  or  other. 

2.  Variations  arising  in  any  part  of  the  organism,  however 
minute,  may  be  transmitted  to  future  generations,  under  certain 
definite  and  discoverable  laws  of  inheritance. 

3.  By  "  artificial  selection,"  or  by  breeding  from  individuals 
possessing  any  particular  variation,  man,  in  successive  genera- 
tions, can  produce  a  breed  in  which  the  variation  will  be  per- 
manent, the  divergence  from  the  parent-type  being  usually 
intensified  by  the  process  of  inter-breeding.  The  races  thus 
artificially  produced  by  men  are  often  as  widely  different  as  are 
distinct  species  of  wild  animals. 

4.  The  world  in  which  all  living  beings  are  placed  is  one 
not  absolutely  unchanging,  but  is  liable,  on  the  contrary,  to 
subject  them  to  very  varying  conditions. 

5.  All  animals  and  plants  give  rise  to  more  numerous  young 
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than  can  by  any  possibility  be  preserved,  each  species  tending 
to  increase  in  numbers  in  a  geometrical  progression.  _ 

6.  As  these  young  are  none  of  them  exactly  alike  in  all 
respects,  a  process  of  "  Natural  Selection  "  will  ensue,  whereby 
those  individuals  which  possess  any  variation,  however  slight, 
favourable  to  the  peculiarities  of  the  life  of  the  species,  will 
tend  to  be  preserved.  Those  individuals,  on  the  other  hand, 
which  do  not  possess  any  such  favourable  variation,  will  be 
placed  at  a  disadvantage  in  the  "  struggle  for  existence,"  and 
will  tend  to  be  gradually  exterminated.  The  individuals,  there- 
fore, composing  any  species  are  thus  subjected  to  a  rigid  pro- 
cess of  sifting,  by  which  those  least  adapted  to  their  environ- 
ment are  being  perpetually  weeded  out,  whilst  "the  survival  of 
the  fittest"  is  secured. 

7.  Other  conditions  remaining  the  same,  the  individuals  which 
survive  in  the  struggle  for  existence  will  transmit  the  variations 
to  which  they  owe  their  preservation,  to  future  generations. 

8.  By  a  repetition  of  this  process,  ''varieties"  are  first 
established  ;  these  become  permanent,  and  "  races  "  are  pro- 
duced ;  finally,  in  the  lapse  of  time,  the  differences  thus  caused 
become  sufficiently  marked  to  constitute  distinct  "  species." 

9.  If  we  grant  that  past  time  has  been  practically  infinite, 
it  is  conceivable  that  all  the  diff'erent  animals  and  plants 
which  we  see  at  present  upon  the  globe,  may  have  been 
produced  by  the  action  of  Natural  Selection  upon  the  off- 
spring of  a  few  primordial  forms,  or,  it  may  be,  of  a  single 
primitive  being. 

Originally,  Mr  Darwin  appears  to  have  believed  that 
"Natural  Selection"  would  alone  be  found  to  be  a  sufficient 
cause  to  have  given  rise  to  all  existing  species  by  a  process  of 
Evolution  from  pre-existing  forms.  In  view,  however,  of 
certain  objections  which  had  been  brought  forward,  Mr 
Darwin  seems  to  have  abandoned  this  position;  and  a  cause 
supplementary  to  "  Natural  Selection  "  was  sought  for  in  what 
Mr  Darwin  terms  "Sexual  Selection."  The  action  of  Sexual 
Selection  in  a  supposed  process  of  Evolution,  according  to 
Mr  Darwin's  views,  may  be  stated  in  the  following  two  pro- 
positions : — 

a.  The  males  of  many  species  of  animals  are  known  to 
engage  in  very  severe  contests  for  the  possession  of  the 
females,  these  latter  yielding  themselves  to  the  victor.  In 
such  contests  certain  males  will  inevitably  have  certain  advan- 
tages over  the  others,  either  in  point  of  strength  or  activity, 
or  in  consequence  of  the  possession  of  more  efficient  offensive 
weapons.    There  will  therefore  always  be  a  probability  that 


48 


MANUAL  OF  ZOOLOGY. 


certain  males  will  get  possession  of  the  females  in  preference 
to  others  :  and  thus  there  will  be  a  tendency  in  the  individuals 
of  many  species  of  animals  to  secure  a  preponderance  of  off- 
spring from  _  the  strongest  males.  The  peculiarities  which 
enable  certain  males  to  succeed  in  these  contests  will,  cceteris 
paribus,  be  transmitted  to  their  male  offspring,  and  in  this 
way  variations  may  be  perpetuated,  initiated,  or  intensified. 

b.  In  the  preceding  cases,  the  females  are  believed  to  be 
perfectly  passive,  and  the  selection  is  a  "natural"  one,  the 
final  result  depending  solely  upon  the  natural  advantages 
which  certain  males  possess  over  others  in  actual  "  combat. 
It  is  alleged,  however,  that  there  are  other  cases  in  which  the 
selection  is  truly  "  sexual,"  since  its  result  is  determined  by 
spontaneous  preference,  and  not  by  brute  force  alone.  It  is 
asserted,  namely,  that  among  certain  species  of  animals,  the 
females  exercise  a  free  choice  as  to  the  particular  male  with 
which  they  will  pair ;  the  males  being  passive  agents  in  the 
matter,  except  in  so  far  as  each  uses,  or  may  use,  his  utmost 
exertions  to  secure  that  the  choice  of  the  female  may  fall  upon 
him.  The  circumstances  supposed  to  influence,  and  ulti- 
mately determine,  the  choice  of  the  female,  are  of  course,  in 
the  main,  the  personal  attractions  of  some  particular  male,  the 
female  being  captivated  by  some  "  beauty  of  form,  colour, 
odour,  or  voice,"  which  such  a  male  may  possess. 

If  it  be  admitted  that  the  females  of  some  of  the  lower 
animals  have  the  power  of  expressing  and  exercising  a  pref- 
erence in  the  manner  above  indicated,  then  it  is  easy  to 
understand  how  variations  might  be  transmitted  or  intensi- 
fied in  this  way.  The  male  who  is  most  attractive  to  the 
female  will,  other  things  being  equal,  have  the  best  chance 
of  propagating  his  species,  and  is  likely  to  leave  the  largest 
number  of  descendants.  His  male  offspring  will  inherit  the 
peculiarities  by  which  their  sire  was  rendered  pre-eminently 
attractive  in  the  eyes  of  their  mother,  and  thus  a  well-marked 
breed  might  be  produced,  by  the  preservation  or  intensifica- 
tion of  characters  of  this  nature.  Mr  Darwin  is  disposed  to 
believe  that  colour  and  son^  in  most,  if  not  in  all  animals,  are 
thus  to  be  ascribed  to  the  action  of  Sexual  Selection,  through 
numerous  successive  generations;  but  other  competent  author- 
ities are  unable  to  concur  in  this  view. 

15.  Distribution. 

Under  this  head  come  all  the  facts  which  are  concerned  with 
the  external  or  objective  relations  of  animals— that  is  to  say, 
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their  relations  to  the  external  conditions  in  which  they  are 
placed. 

The  geographical  distribution  of  animals  is  concerned  with 
the  determination  of  the  areas  within  which  every  species  of 
animal  is  at  the  present  day  confined.  Some  species  are  found 
almost  everywhere,  when  they  are  said  to  be  *'  cosmopolitan  ; " 
but,  as  a  rule,  each  species  is  confined  to  a  limited  and  definite 
area.  Not  only  are  species  limited  in  their  distribution,  but  it 
is  possible  to  divide  the  globe  into  a  certain  number  of  geo- 
graphical regions  or  "  zoological  provinces,"  each  of  which  is 
characterised  by  the  occurrence  in  it  of  certain  associated  forms 
of  animal  life. 

.  The  geographical  distribution  of  land  animals  is  conditioned 
partly  by  the  existence  of  suitable  surroundings,  and  partly  by 
the  presence  of  barriers  preventing  migrations.  Thus,  certain 
contiguous  regions  might  be  equally  suitable  for  the  existence 
of  the  same  animals,  but  they  might  belong  to  different  zoolo- 
gical provinces  if  separated  by  any  impassable  barrier,  such  as 
a  lofty  chain  of  mountains.  Owing  to  their  power  of  flight,  the 
geographical  distribution  of  birds  is  much  less  limited  than 
that  of  mammals ;  and  many  migratory  birds  may  be  said  to 
belong  to  two  zoological  provinces.  In  spite  of  their  powers  of 
locomotion,  however,  birds  are  limited  by  the  necessities  of 
their  life  to  definite  areas,  and  a  zoological  province  may  be 
marked  by  its  birds  just  as  well  as  by  its  quadrupeds. 

The  geographical  distribution  of  an  animal  at  the  present 
day  by  no  means  necessarily  coincides  with  its  former  exten- 
sion in  space.  Many  species  are  known  which  now  occupy  a 
much  more  restricted  area  than  they  did  formerly,  owing  to 
changes  in  climate,  the  agency  of  man,  or  other  causes.  Simi- 
larly, there  are  species  whose  present  area  is  much  wider  than 
it  was  originally. 

At  the  present  day,  naturalists  usually  adopt  either  the  zoolo- 
gical provinces  proposed  by  Prof  Huxley,  or  those  proposed  by 
Mr  Sclater,  both  arrangements  possessing  certain  features  in 
common.  Prof  Huxley  proposes  to  divide  the  earth's  surface 
into  four  primary  zoological  provinces,  as  follows,  each  pos- 
sessing its  own  "fauna,"  or  characteristic  assemblage  of 
animals  :— 

I.  Oniit/iogcBa,  or  the  Novo-Zelanian  Province,  comprising 
only  New  Zealand. 

II.  Antarctogcza,  or  the  Australian  Province,  comprising 
Australia,  Tasmania,  and  the  Negrito  Islands. 

III.  Dendrogaa,  or  the  Austro-Colimbian  Province,  includ- 
mg  South  America,  Central  America,  and  Mexico. 
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IV.  Ardogcea,  including  all  the  rest  of  the  world,  and  having 
as  sub-provinces, — 

1.  North  America,  north  of  Mexico. 

2.  Africa,  south  of  the  Sahara. 

3.  Hindostan. 

4-  The  remainder  of  the  Old  World  (Europe,  Africa 
north  of  the  Sahara,  Asia  generally,  but  without 
Hindostan,  &c.) 
Mr  Sclater,  basing  his  arrangement  primarily  on  the  distri- 
bution of  birds,  divides  the  earth's  surface  into  the  following 
six  provinces  : — 

1.  The  Palaarctic  Province,  including  Europe.,  Africa  north 
of  the  Atlas  Mountains,  and  Northern  Asia. 

2.  The  Ethiopian  Province,  including  Africa  south  of  the 
Atlas  Mountains,  and  Southern  Arabia. 

3.  The  Indian  Provi?ice,  including  Asia  south  of  the  Hima- 
laya Mountains,  Southern  China,  and  the  Indian  Archipelago. 

4.  The  Australian  Province,  including  Australia,  Tasmania, 
New  Guinea,  New  Zealand,  and  a  large  proportion  of  the 
islands  of  the  Pacific  Ocean. 

5.  The  Nearctic  Province,  including  North  America  down  to 
the  centre  of  Mexico. 

6.  The  Neotropical  Province,  including  the  whole  of  South 
America,  Central  America,  and  Southern  Mexico. 

The  ve7'tical  or  bathy metrical  distribution  of  animals  relates 
to  the  limits  of  depth  within  which  each  marine  species  of 
animals  is  confined.  As  a  rule  it  is  found  that  each  species 
has  its  own  definite  bathymetrical  zone,  and  that  its  existence 
is  difificult  or  impossible  at  depths  greater  or  less  than  those 
comprised  by  that  zone.  Generalising  on  a  large  number  of 
facts,  naturalists  have  been  able  to  lay  down  and  name  certain 
definite  zones,  each  of  which  has  its  own  special  fauna. 

The  four  following  zones  are  those  generally  accepted  : — 

1.  The  Littoral  zone,  or  the  tract  between  tide-marks. 

2.  The  Laminarian  zone,  from  low  water  to  15  fathoms. 

3.  The  Coralline  zone,  from  15  to  50  fathoms. 

4.  The  deep-sea  Coral  zone,  50  to  100  fathoms  or  more. 

5.  To  these  must  now  be  certainly  added  a  fifth  or  "  Abys- 
sal" zone,  extending  from  too  fathoms  to  a  depth  of  3000  or 
4000  fathoms. 

Recent  researches,  however,  have  rendered  it  certain  that: 
after  a  certain  depth,  say  100  fathoms,  the  bathymetrical  dis- 
tribution of  animals  is  conditioned  not  by  the  depth,  but  by 
the  teinperature  of  the  water  at  the  bottom  of  the  sea.  Similar 
forms,  namely,  are  always  found  inhabiting  areas  in  Avhich  the 
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bottom-temperature  is  the  same,  wholly  irrespective  of  the 
depth  of  water  in  the  particular  locality  in  question.  The 
supply  of  food,  also,  and  the  nature  of  the  habitat,  are  im- 
portant elements  of  the  case.  In  the  light,  therefore,  of  these 
recent  facts,  it  would  perhaps  be  advisable  to  adopt  the  views 
of  Dr  Gwyn  Jeffreys^  and  to  consider  that  there  are  only  two 
principal  bathymetrical  zones — namely,  the  littoral  and  the 
submarine. 

In  addition  to  the  preceding  forms  of  distribution,  the 
zoologist  has  to  investigate  the  condition  and  nature  of  animal 
life  during  past  epochs  in  the  history  of  the  world. 

The  laws  of  distribution  171  ti7ne,  however,  are,  from  the  na- 
ture of  the  case,  less  perfectly  known  than  are  the  laws  of 
lateral  or  vertical  distribution,  since  these  latter  concern 
beings  Avhich  we  are  able  to  examine  directly.  The  following 
are  the  chief  facts  which  it  is  necessary  for  the  student  to  bear 
in  mind  : — 

1.  The  rocks  which  compose  the  crust  of  the  earth  have 
been  formed  at  successive  periods,  and  may  be  roughly  divided 
into  aqueous  or  sedimentary  rocks,  and  igneous  rocks. 

2.  The  igneous  rocks  are  produced  by  the  agency  of  heat, 
are  mostly  unstratified  (i.e.,  are  not  deposited  in  distinct  layers 
or  strata),  and,  with  few  exceptions,  are  destitute  of  any  traces 
of  past  life. 

3.  The  sedimentary  or  aqueous  rocks  owe  their  origin  to 
the  action  of  water,  are  stratified  {i.e.,  consist  of  separate  layers 
or  strata),  and  mostly  exhibit  "fossils" — that  is  to  say,  the 
remains  or  traces  of  animals  or  plants  which  were  in  existence 
at  the  time  when  the  rocks  were  deposited. 

4.  The  series  of  aqueous  rocks  is  capable  of  being  divided 
into  a  number  of  definite  groups  of  strata,  which  are  technically 
called  "formations." 

5.  Each  of  these  definite  rock  groups,  or  "  formations,"  is 
characterised  by  the  occurrence  o"f  an  assemblage  of  fossil 
remains  more  or  less  peculiar  and  confined  to  itself. 

6.  The  majority  of  these  fossil  forms  are  "  extinct  "—that  is 
to  say,  they  do  not  admit  of  being  referred  to  any  species  at 
present  existing. 

7.  No  fossil,  however,  is  known,  which  cannot  be  referred 
to_  one  or  other  of  the  primary  subdivisions  of  the  Animal 
Kingdom  which  are  represented  at  the  present  day. 

8.  When  a  species  has  once  died  out,  it  never  reappears. 

9.  The  older  the  formation,  the  greater  is  the  divergence 
between  its  fossils  and  the  animals  and  plants  now  existing  on 
the  globe. 
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Ideal  Section  of  the  Crust  of  the  Earth 

Fig.  4. 
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10.  All  the  known  formations  are  divided  into  three  great 
groups,  termed  respectively  Palaeozoic  or  Primary,  Mesozoic 
or  Secondary,  and  Kainozoic  or  Tertiary. 

The  Palaeozoic  or  Ancient-life  period  is  the  oldest,  and  is 
characterised  by  the  marked  divergence  of  the  life  of  the  period 
from  all  existing  forms. 

In  the  Mesozoic  or  Middle-life  period,  the  general  fades  of 
the  fossils  approaches  more  nearly  to  that  of  our  existing  fauna 
and  flora ;  but — with  very  few  exceptions — the  characteristic 
fossils  are  all  specifically  distinct  from  all  existing  forms. 

In  the  Kainozoic  or  New-life  period,  the  approximation  of 
the  fossil  remains  to  existing  living  beings  is  still  closer,  and 
some  of  the  forms  are  now  specifically  identical  with  recent 
species ;  the  number  of  these  increasing  rapidly  as  we  ascend 
from  the  lowest  Kainozoic  deposit  to  the  Recent  period. 

Subjoined  is  a  table  giving  the  more  important  subdivisions 
of  the  three  great  geological  periods,  commencing  with  the 
oldest  rocks  and  ascending  to  the  present  day  (fig,  4). 

I.  Pal/eozoic  or  Primary  Rocks. 

1.  Lauren tian.    (Lower  and  Upper.) 

2.  Cambrian.    (Lower  and  Upper,  with  Huronian  rocks?) 

3.  Silurian.    (Lower  and  Upper.) 

4.  Devonian,  or  Old  Red  Sandstone.  (Lower,  Middle,  and 
Upper.) 

5.  Carboniferous.  (Mountain-limestone,  Millstone  grit,  and 
Coal-measures.) 

6.  Permian.  (  =  the  lower  portion  of  the  New  Red  Sand- 
stone.) 

11.  Mesozoic  or  Secondary  Rocks. 

7-  Triassic  Rocks.  (Bunter  Sandstein,  or  Lower  Trias; 
Muschelkalk,  or  Middle  Trias;  Keuper,  or  Upper  Trias.) 

8.  Jurassic  Rocks.  (Lias,  Inferior  Oolite,  Great  Oolite, 
Oxford  Clay,  Coral  Rag,  Kimmeridge  Clay,  Portland  Stone, 
Purbeck  beds.) 

9.  Cretaceous  Rocks.  (Wealden,  Lower  Greensand,  Gault, 
Upper  Greensand,  White  Chalk,  Maestricht  beds.) 

III.  Kainozoic  or  Tertiary  Rocks. 

10.  Eocene.    (Lower,  Middle,  and  Upper.) 
Ti.  Miocene.    (Lower  and  Upper.) 

12.  Pliocene.    (Older  Phocene  and  Newer  PHocene.) 
13-  Post-tertiary.    (Post-pliocene  and  Recent.) 
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CHAPTER  L 

I.  General  Characters  of  the  Protozoa. 
2.  Classification.    3.  Gregarinid^. 

I.  General  Characters.  —  The  sub-kingdom  Protozoa^  as  the 
name  impHes,  includes  the  most  lowly  organised  members  of 
the  animal  kingdom.  From  this  circumstance  it  is  difficult,  if 
not  impossible,  to  give  an  exhaustive  definition,  and  the  fol- 
lowing is,  perhaps,  as  exact  as  the  present  state  of  our  know- 
ledge will  allow : — 

The  Protozoa  may  be  defined  as  animals^  generally  of  minute 
size,  composed  of  a  nearly  or  altogether  structureless  jelly-like  sub- 
stance {termed  "  sarcode"),  showing  no  composition  out  of  definite 
parts  or  segments,  having  no  definite  body-cavity,  presenting  no 
traces  of  a  nervous  system,  a7id  having  either  no  differentiated 
alimentary  apparatus,  or  but  a  very  rudime?ita7y  one. 

The  Protozoa  are  almost  exclusively  aquatic  in  their  habits, 
and  are  mostly  very  minute,  though  they  sometimes  form 
colonies  of  considerable  size.  They  are  composed  of  the  more 
or  less  contractile,  jelly-like  substance,  known  as  "sarcode"  or 
"  protoplasm,"  which  is  semi-fluid  in  consistence,  and  is  com- 
posed of  an  albuminous  base  with  oil-globules  scattered  through 
it.  Granules  are  generally  developed  in  the  sarcode,  and  in 
many  cases  there  is  a  definite  internal  solid  particle,  termed 
the  "  nucleus." 

In  most  of  the  Protozoa  the  protoplasm,  whether  forming  a 
single  mass,  or  constituted  by  an  aggregation  of  many  such 
masses,  is  not  surrounded  by  a  definite  outer  envelope.  In 
other  cases,  however  {Infusoria),  such  an  outer  envelope  exists 
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and  a  central  "  nucleus"  is  present,  when  the  organism  maybe 
compared  with  a  single  "  cell"  in  one  of  the  higher  animals. 

In  no  Protozoon  are  any  traces  known  of  anything  like  the 
nervous  and  vascular  arrangements  which  are  found  in  animals 
of  a  higher  grade.  A  nervous  system  is  universally  and  en- 
tirely absent,  and  the  sole  circulatory  apparatus  consists  in 
certain  clear  spaces  called  "  contractile  vesicles,"  which  are 
found  in  some  species,  and  which  doubtfully  perform  the 
functions  of  a  heart.  A  distinct  alimentary  aperture  is  present 
in  the  higher  Protozoa^  but  in  many  there  is  none ;  and  in  all, 
the  digestive  apparatus  is  of  the  simplest  character.  Organs 
of  generation,  or  at  any  rate  differentiated  portions  of  the 
body  which  act  as  these,  are  sometilnes  present ;  but  in  many 
cases  true  sexual  reproduction  has  not  hitherto  been  shown  to 
exist. 

The  "  sarcode,"  which  forms  such  a  distinctive  feature  in 
all  the  Protozoa,  is  a  structureless  albuminous  substance,  not 
possessing  "  permanent  distinction  or  separation  of  parts,"  but 
nevertheless  displaying  all  "  the  essential  properties  and  char- 
acters of  vitahty,"  l3eing  capable  of  assimilation  and  excretion, 
of  irritability  and  of  the  power  of  contraction,  so  as  to  produce 
movements,  strictly  analogous,  in  many  cases,  to  the  muscular 
movements  of  the  higher  animals.  In  some,  too,  the  sarcode 
possesses  the  power  of  producing  an  external  case  or  envelope, 
usually  of  carbonate  of  lime  or  flint,  and  often  of  a  very  com- 
plicated and  mathematically  regular  structure. 

The  power  of  active  locomotion  is  enjoyed  by  a  great  many 
of  the  Protozoa ;  but  in  some  cases  this  is  very  limited,  and 
in  other  cases  the  animal  is  permanently  fixed  in  its  adult 
condition.  The  apparatus  of  locomotion  in  the  Protozoa  is  of 
a  very  varied  nature.  In  many  cases,  especially  in  the  higher 
forms,  movements  are  effected  by  means  of  the  little  hair-like 
processes  which  are  known  as  "  cilia,"  and  which  have  the 
power  of  lashing  to  and  fro  or  vibrating  with  great  rapidity. 
In  other  cases  the  ciha  are  accompanied  or  replaced  by  one  or 
more  long  whip-like  bristles,  which  act  in  the  same  fashion, 
and  are  known  as  "flagella."  The  most  characteristic  organs 
of  locomotion  amongst  the  lower  Protozoa  are  known  as 
"  pseudopodia,"  and  consist  simply  of  prolongations  of  the 
sarcodic  substance  of  the  body,  which  can  usually  be  emitted 
from  the  greater  portion  of  the  general  surface  of  the  body, 
and  are  capable  of  being  again  retracted,  and  of  fusing  com- 
pletely with  the  body-substance. 

2.  Classification  of  the  Protozoa. — The  sub-kingdom /*rt7/^2i7« 
is  divided  into  three  classes — viz.,  the  Gregarinida,  the  Phkor 
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poda,  and  the  Infusoria.  In  the  Infusoria  only  is  a  mouth 
present,  and  hence  these  are  sometimes  spoken  of  as  the 
'\S/o?natode"  Protozoa,  whilst  the  two  former  classes  collec- 
tively constitute  the  Astomatay 

The  following  is  a  tabular  view  of  the  divisions  of  the 
Protozoa : — 

Class  I.  Gregarinid^. 

Class  II.  Rhizopoda. 

Order  i.  Monera. 

„  2.  Amoebca. 

„  3.  Foraminifera. 

„  4.  Radiolaria. 

„  5.  Spongida. 

Class  III.  Infusoria. 

Order  i.  Siidoria. 

2.  Ctliata. 

3.  Flagellata. 

3.  Class  I.  Gregarinid^. — The  Gregarinidce.  may  be  de- 
fined as  parasitic  Protozoa,  which  are  destitute  of  a  mouth,  and 
do  not  possess  the  power  of  emitting  pseudopodia'^  They  con- 
stitute the  lowest  class  of  the  Protozoa,  and  comprise  certain 
microscopic  animals  which  are  parasitic  in  the  alimentary  canal 
of  both  Invertebrate  and  Vertebrate  animals.  They  have, 
however,  a  special  liking  for  the  intestines  of  certain  insects, 
being  commonly  found  abundantly  in  the  cockroach.  As 
we  shall  see  hereafter,  in  all  probability  a  great  deal  of  the 
degraded  character  of  the  Gregarinidce  is  due  to  the  fact  that 
they  are  internal  parasites,  and  are  therefore  not  dependent 
upon  their  own  exertions  for  food. 

Nothing  anatomically  could  be  more  simple  than  the  struc- 
ture of  a  Gregarina,  since  it  is  almost  exactly  that  of  a  cell, 
such  as  the  impregnated  ovum  {fig.  5,  b).  An  adult  Gregarina, 
in  fact,  may  be  said  to  be  a  single  cell,  consisting  of  an  ill-de- 
fined membranous  envelope  filled  with  a  more  or  less  granular 
sarcode  with  fatty  particles,  and  sometimes  differentiated  into 
a  distinct  contractile  "  cortical  layer,"  which  contains  in  its  in- 
terior a  vesicular  nucleus,  this  in  turn  enclosing  a  solid  particle, 
or  nucleolus.  In  some  the  body  exhibits  an  approach  to  a  more 
complex  structure  by  the  presence  of  internal  septa ;  but  it  is 
doubtful  whether  this  appearance  may  not  be  due  to  the  appo- 
sition and  fusion  of  two  separate  individuals.  A  separate  order, 
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however,  has  been  founded  upon  individuals  of  this  kind,  under 
the  name  oi  Dicystidea ;  the  name  Monocystidea  being  retained 
for  the  ordinary  forms.  As  regards  the  size  of  the  GregarincB, 
they  vary  from  about  the  size  of  the  head  of  a  small  pin  up 
to  as  much  as  half  an  inch  in  length,  when  they  assume  the 
aspect  of  small  worms.  The  integument  or  cuticle  with  which 
the  protoplasmic  body  is  enclosed  may  be  quite  smooth  or 
striated,  or  it  may  be  furnished  with  bristles  or  spines,  or  even 
in  some  cases  with  cilia.  Sometimes  one  end  of  the  body  is 
furnished  with  uncinate  processes,  very  similar  in  appearance 
to  the  hooked  "head"  of  the  common  tape- worm  {Tcenia 
solium).  Essentially,  however,  the  structure  of  all  appears  to 
be  the  same.  No  differentiated  organs  of  any  kind  beyond 
the  nucleus  and  nucleolus  exist,  and  both  assimilation  and 
excretion  must  be  performed  simply  by  the  general  surface  of 
the  body.    The  body  is,  nevertheless,  contractile,  and  slow 


^'  S-— Morphology  and  development  of  Gregarinida  (after  Stein  and  Lieberkuhn') 
a  i>tylorliy,iclms  ohgacmithus,  a  "  dicystidean"  Gregarine  :  b  Gregarine  of  the 
earth-worm  (  monocystidean ");  c  The  same  encysted;  d  Further  stage  of  the 
same,  with  the  contents  divided  into  "  pseudonavicella  ; "  e  Free  "  psiudonavi- 
cella  ;  /  Amcebiform  mass  of  protoplasm  liberated  from  a  pseudonavicella :  p-  and 
//  Active  forms  of/    All  the  figures  are  greatly  enlarged.  .  ^  ana 


movements  can  be  effected,  not,  however,  by  pseudopodia 
Hffickel  regards  the  Gregarincp.  as  Ainoebce  which  have  become 
degenerate  by  parasitism  ;  but  this  opinion  is  rejected  by  Van 
Beneden,  and  their  apparently  unicellular  structure  would 
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rather  lead  us  to  place  them  in  the  neighbourhood  of  the 
Infusoria.  The  presence  of  muscular  fibres  in  the  cortical 
layer  will  also  support  tlie  view  that  they  should  be  associated 
with  the  Infusorian  animalcules. 

In  spite  of  their  exceedingly  simple  structure,  the  following  veiy  in- 
teresting reproductive  phenomena  have  been  observed  sometimes  in  a 
single  Gregarina  without  apparent  cause,  sometimes  as  the  result  of  the 
apposition  and  coalescence  of  two  individuals— the  exact  nature  of  the 
process  being  in  either  case  obscure.  In  some  species  conjugation  is  in- 
variable ;  in  others  it  never  occurs  ;  and  it  may  take  place  either  by  anal- 
ogous or  by  opposite  extremities.  The  Gregarijta — or  it  may  be  two  in- 
dividuals which  have  come  into  contact  and  adhered  together — assumes  a 
globular  form,  becomes  motionless,  and  develops  round  itself  a  structure- 
less envelope  or  cyst,  when  it  is  said  to  be  "encysted"  (fig.  5,  c).  The 
central  nucleus  then  disappears,  apparently  by  dissolution,  whereupon 
the  granular  contents  of  the  cyst  break  up  into  a  number  of  little  rounded 
masses,  which  gradually  elongate  and  become  lanceolate,  when  they  are 
termed  "  pseudonavicellae  "  (or  "  pseudonaviculte,"  fig.  5,  d).  The  next 
step  in  the  process  consists  in  the  liberation  of  the  pseudonavicellae,  which 
escape  by  the  rupture  of  the  enclosing  cyst  (fig.  5,  e).  If  they  now  find  a 
congenial  habitat,  they  give  origin  to  little  albuminous  or  sarcodic  masses, 
which  exhibit  lively  movements,  and  are  endowed  with  the  power  of 
throwing  out  and  retracting  little  processes  of  the  body  which  closely 
resemble  the  "  pseudopodia "  of  the  Rhizopoda ;  so  that  the  pseudona- 
vicella  in  this  condition  is  very  similar  to  an  adult  Amccba  (fig.  5,  f,  g,  h). 
Finally,  these  amoebiform  bodies  are  developed  into  adult  Gregarince. 
It  will  be  seen  from  the  above  that  the  formation  of  the  pseudonavicellae 
out  of  the  granular  contents  of  the  body,  subsequent  to  the  disappearance 
of  the  nucleus,  presents  a  close  analogy  to  the  segmentation  of  the  impreg- 
nated ovum  which  follows  upon  the  dissolution  of  the  germinal  vesicle. 
In  Gregarina  gigantea  of  the  Lobster  the  embryo  is  a  little  mass  of  sarcode, 
quite  like  an  A?/iceba  except  that  it  wants  a  nucleus  and  contractile  vesicle. 
It  soon  gives  out  two  little  contractile  processes  or  arms,  which  become 
detached  and  move  about  like  little  worms,  when  they  are  termed  "  pseudo- 
filarise,"  from  their  resemblance  to  free  Nematoids.  After  a  period  of 
activity,  the  pseudo-filarian  becomes  quiescent,  shortens  its  dimensions, 
develops  a  nucleus  and  nucleolus,  and  becomes  an  adult  Gregarina. 

PSOROSPERMI^. — There  occur  as  parasites  on  and  within  the  bodies  of 
fishes  certain  vesicular,  usually  caudate,  bodies,  termed  PsorospermicE,  the 
exact  nature  of  which  is  very  problematical.  According  to  Lieberkiihn 
they  occasionally  give  origin  to  amoebiform  bodies,  similar  to  those  which 
are  liberated  from  the  pseudonavicellae  of  Gregannida.  In  this  case  they 
should  probably  be  regarded  as  the  embryonic  forms  of  some  Gregarina. 
By  Balbiani,  however,  they  are  looked  upon  as  properly  belonging  to  the 
vegetable  kingdom. 
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CHAPTER  11. 

RHIZOPODA. 

General  Characters  of  the  Rhizopoda. — The  Rhizopoda 
may  be  defined  as  Protozoa  which  are  destitute  of  a  viouth^  are 
simple  or  compound,  and  possess  the  power  of  efnitting  ^'pseudo- 
podia."  They  are  mostly  small,  but  some  of  the  composite 
forms,  such  as  the  sponges,  may  attain  a  very  considerable 
size.  Structurally,  a  typical  Rhizopod — as  an  Ai7ioeba — is 
composed  of  almost  structureless  sarcode,  without  any  organs 
appropriated  to  the  function  of  digestion,  and  possessing  the 
power  of  throwing  out  processes  of  its  substance  so  as  to  con- 
stitute adventitious  limbs.  These  are  termed  "  pseudopodia," 
or  false  feet,  and  are  usually  protrusible  at  will  from  different 
parts  of  the  body,  into  the  substance  of  which  they  again 
melt  when  they  are  retracted.  They  are  merely  filaments  of 
sarcode,  sometimes  very  delicate  and  of  considerable  length, 
at  other  times  more  like  finger-shaped  processes ;  and  they 
are  identical  with  the  little  processes  which  can  be  thrown 
out  by  the  white  corpuscles  of  the  blood  and  by  pus-cells. 
Indeed,  it  has  been  remarked  by  Huxley  that  an  Amoeba  is 
structurally  "a  mere  colourless  blood-corpuscle,  leading  an 
independent  life." 

The  class  Rhizopoda  is  divided  into  five  orders — viz.,  the 
Monera,  the  Amcebea,  the  Forami?i.ifera,  the  Radiolaria,  and 
the  Spofigida,  of  which  the  last  is  occasionally  considered  as  a 
separate  class. 

Order  I.  Monera.  —  This  name  has  been  proposed  by 
Haeckel  for  certain  singular  organisms  which  may  provisionally 
be  regarded  as  the  lowest  group  of  the  Rhizopoda.  They  are 
very  minute  in  size,  and  are  distinguished  by  the  fact  that 
the  body  is  composed  of  structureless  sarcode,  capable  of  emit- 
ting thread-like  prolongations  or  pseudopodia,  but  destitute 
of  either  nucleus  or  contractile  vesicle.  The  pseudopodia  are 
mostly  in  the  form  of  delicate  filamentous  processes  of  sarcode, 
which^  exhibit  a  circulation  of  minute  molecules  and  granules 
in  their  interior  and  along  their  edges.  Sometimes  the  pseu- 
dopodia may  be  simple,  as  in  Protamoeba  (fig.  6,  a\  or  they 
may  be  ramified  and  anastomosing,  as  in  Protogenes.  The 
form  of  the  body,  though  very  mutable,  may  be  simple;  or 
the  organism  may  form  a  kind  of  colony  of  protoplasmic 
masses  united  by  their  interlacing  pseudopodia  (as  in  Alyxo- 
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dictyon).  Sometimes  the  organism  passes  through  a  quiescent 
stage,  alternating  with  an  active  and  locomotive  phase  of 


Fig.  6. — Morpholo.ary  of  Alonei-a.    a  Pj-otajncrha  porrecta ;  b  Protojnyxa  auran- 
tiaca  ;  c  The  same  in  an  encysted  condition.    Greatly  magnified. 


existence.  No  hard  covering  or  "test"  is  ever  developed. 
Reproduction  is  mostly  by  fission,  with  or  without  precedent 
encystation  (fig.  6,  b  and  c)  and  quiescence.  All  the  Mono  a 
live  in  water,  and  their  systematic  position  is  uncertain.  From 
the  absence  of  a  nucleus  and  contractile  vesicle,  together  with 
the  general  nature  of  the  pseudopodia,  and  the  fact  that  the 
sarcode  is  not  differentiated  into  an  "  ectosarc  "  and  an  "  en- 
dosarc,"  they  appear  to  be  most  nearly  allied  upon  the  whole 
to  the  Foramiiiifera,  from  which  they  differ  chiefly,  if  not  en- 
tirely, in  the  absence  of  a  shell  defending  the  soft  protoplasm 
of  the  body. 

The  name  of  Bathybius  was  given  by  Professor  Huxley  to  a  structure 
believed  to  consist  of  irregular,  formless,  diffused  masses  of  protoplasm, 
without  nucleus  or  contractile  vesicle,  found  at  great  depths  in  the  sea ; 
and,  if  organic,  the  place  of  Bathybius  would  be  amongst  the  Alonera. 
More  recently,  however,  Professor  Huxley  and  Sir  Wyville  Thomson  have 
expressed  the  opinion  that  Bathybms  is  not  really  a  living  organism  at  all ; 
and  it  only  requires  mention  here  because  a  similar  structure,  the  true 
nature  of  which  still  requires  investigation,  has  recently  been  described  by 
Bessels  under  the  name  of  Protobathybius. 

Order  II.  Amcebea. — This  order  comprises  those  Rhizo- 
poda  which  are,  with  one  or  hvo  exceptions,  naked;  have  usually 
short,  blunt,  lobose  pseudopodia,  which  do  not  anastomose  with 


protozoa:  amcebea. 


one  another;  and  contain  a  '^nucleus"  and  one  or  more  ''contrac- 
tile vesicles.^* 

The  Amoeba,  or  Proteus-animalcule,  may  be  taken  as  the 
type,  and  a  description  of  it  will  be  sufficient  to  indicate  the 
leading  points  of  interest  in  the  order.   The  Anmba  (fig.  7,  B) 


Y\g.  7. — A,  Afuaeba  developed  in  organic  infusions  (after  Beale),  greatly  enlarged  ; 
B,  Arnwia  princeps  (after  Carter);  z/ Villous  region;  c  Contractile  vesicle;  w  Nu- 
cleus ;  e  Ectosarc. 


is  a  microscopic  animalcule,  which  inhabits  fresh  water,*  and  is 
composed  of  gelatinous  sarcode,  which  admits  of  a  separation 
into  two  distinct  layers  :  an  outer  transparent  layer,  termed  the 
"  ectosarc ; "  and  an  inner,  more  fluid  and  mobile,  molecular 
layer,  called  the  "endosarc."  The  "ectosarc "is  highly  ex- 
tensile and  contractile,  and  is  the  layer  of  which  the  pseudo- 
podia  are  mainly  composed ;  whilst  the  "  endosarc  "  contains 
the  only  organs  possessed  by  the  animal — viz.,  the  "  nucleus  " 
and  "  contractile  vesicle "  or  vesicles,  along  with  certain  for- 
tuitous cavities  termed  "  food-vacuoles." 

It  is  believed  by  some  that  the  ectosarc  is  surrounded  by  a 
colourless  and  structureless  investing  membrane  or  cuticle ;  but 
this  is  denied  by  others.  Be  this  as  it  may,  there  is  no  oral 
aperture,  so  far  as  has  ever  been  certainly  observed,  and  the  food 
is  merely  taken  into  the  interior  of  the  body  by  a  process  of 
intussusception — any  portion  of  the  surface  being  chosen  for 
this  purpose,  and  acting  as  an  extemporaneous  mouth.  When 
the  particle  of  food  has  been  received  into  the  body,  the  aper- 
ture by  which  it  was  admitted  again  closes  up,  and  the  dis- 
charge of  solid  excreta  is  effected  in  an  exactly  similar  manner, 

*  Greeff  has  shown  that  some  species  ol  Amceba  (such  as  A.  terricola) 
inhabit  moist  sand  or  earth. 
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In  this  case,  however,  the  area  of  the  general  surface  within 
which  an  anus  may  be  extemporised,  appears  to  be  more  re- 
stricted, and  to  comprise  a  portion  only  of  the  body  ("  villous 
region  "). 

The  "  nucleus  "  (fig.  7)  is  a  solid  granular  body,  one  or  more 
of  which  is  present  within  the  endosarc  of  every  Amoeba,  but  its 
function  is  not  known  with  any  certainty.  The  '*  contractile 
vesicles  "  are  cavities  within  the  endosarc,  of  which  ordinarily 
one  only  is  present  in  the  same  individual,  though  sometimes 
there  are  more.  In  structure  it  is  a  little  cavity  or  vesicle  filled 
with  a  colourless  fluid  apparently  derived  from  the  digestion, 
and  exhibiting  rhythmical  movements  of  contraction  {systole) 
and  dilatation  {diasiole).  In  some  cases  radiating  tubes  are  said 
to  have  been  seen  proceeding  from  the  vesicle  at  the  moment 
of  contraction.  Regarded  functionally,  the  contractile  vesicle 
may  be  looked  upon  as  a  circulatory  organ ;  in  which  case,  it 
offers  the  most  rudimentary  form  of  a  vascular  system  with 
which  we  are  as  yet  acquainted.  By  others,  however,  the  con- 
tractile vesicle  is  believed  to  be  filled  with  water  from  the 
exterior,  and  it  is  regarded  as  a  rudimentary  form  of  water- 
vascular  system ;  while  others  regard  it  as  an  excretory  organ. 

Besides  these  proper  organs,  the  endosarc  usually  contains 
clear  spaces,  which  are  called  "  vacuoles,",  or,  more  properly, 
"  food-vacuoles."  These  spaces  are  of  a  merely  temporary 
character,  and  are  simply  produced  by  the  presence  of  particles 
of  food,  usually  with  a  little  water  taken  into  the  body  along 
with  the  food. 

There  are  no  traces  of  any  organs  of  sense,  or  of  a  nervous 
system,  or,  indeed,  of  any  other  organs  in  addition  to  those 
already  described.  Locomotion  is  effected  with  moderate 
activity,  but  in  an  irregular  manner,  by  means  of  the  blunt, 
finger-shaped  processes  of  sarcode,  or  pseudopodia,  which  can 
be  protruded  at  will  from  any  part  of  the  body,  and  can  be 
again  retracted  within  it.  The  pseudopodia  also  serve  as  pre- 
hensile organs;  but  they  do  not  interlace  and  form  a  net-work, 
nor  do  they  exhibit  any  circulation  of  granules  derived  from 
the  endosarc,  as  in  many  others  of  the  Rhizopoda. 

As  regards  the  reproductive  process  in  the  Amoiba,  no  dif- 
ferentiated sexual  organs  have  hitherto  been  discovered,  and 
the  true  sexual  form  of  the  process  is  therefore  unknown. 
Fresh  individuals,  however,  may  be  produced  in  three  ways  :— 
Firstly,  by  simple  fission,  the  animal  dividing  into  two  parts, 
each  of  which  becomes  an  independent  organism.  Secondly, 
by  the  detachment  of  a  single  pseudopodium,  which  becomes 
developed  into  a  fresh  Amoiha.    Thirdly,  by  the  production 
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of  little  spherical  masses  of  sarcode,  which  may  be  derived  from 
the  nucleus  by  fission,  or  may  be  produced  by  a  segmentation 
of  the  endosarc,  the  animal  having  previously  become  torpid, 
and  the  nucleus  and  contractile  vesicle  having  disappeared. 
These  little  masses,  however  produced,  develop  themselves 
when  liberated  into  ordinary  AmxbcB.  This  last  method  of 
reproduction  is  obviously  very  closely  analogous  to  the  pro- 
duction of  "  pseudonavicellas  "  in  an  encysted  Gregarina. 

It  has  been  doubted,  apparently  with  considerable  reason,  whether  the 
so-called  Amcebce  are  distinct  species  of  animals,  or  whether  they  are  not 
rather  transitory  stages  in  the  life-history  of  other  organisms.  It  is  quite 
certain  that  several  of  the  Protozoa  pass  through  an  amqeboid  stage,  and 
it  is  also  certain  that  vegetable  matter  not  uncommonly  assumes  similar 
characters  {e.g.,  the  mycelium  of  certain  fungi).  It  is  therefore  not  impos- 
sible that  the  forms  known  to  the  microscopist  as  AincebcB  may  be  ultimately 
discovered  not  to  be  permanent  and  distinct  species  ;  but  the  evidence  on 
this  head  is  still  defective. 

It  is  certain,  at  any  rate,  that  many  organisms,  both  vegetable  and  ani- 
mal, pass  through  amceboid  stages — consist- 
ing, for  a  longer  or  shorter  period,  of  proto- 
plasm capable  of  emitting  "  pseudopodia." 
It  is  certain,  also,  that  such  amoeboid  masses 
cannot  be  distinguished  from  true  Amceba, 
otherwise  than  by  their  life-history.  When, 
therefore,  we  are  informed  that  Amcebte  can 
be  shown  to  develop  into  different  and  higher 
organisms,  we  must  construe  the  statement  as 
meaning  nothing  more  than  that  the  higher 
organisms  in  question  pass  through  an  "amoe- 
boid "  stage  in  the  course  of  their  develop- 
ment. 

The  remaining  members  of  the  Amaba: 
are  constructed  more  or  less  closely  after  the 
type  of  the  A  ma'ba  itself  In  the  nearly  allied 
Difflugia,  the  sarcode  forming  the  body  of 
the  animal  is  invested  with  a  membranous 
envelope  or  "carapace,"  strengthened  by 
grains  of  sand  and  other  adventitious  solid 
particles,  and  having  a  single  aperture  at  one 
extremity,  through  which  the  pseudopodia 
are  protruded  (fig.  8).  The  animal  generally 
creeps  about  head-downwards,  so  to  speak ; 
that  is  to  say,  with  the  closed  end  of  the  cara- 
pace elevated  above  the  surface  on  which  it 
is  moving.  Difflngia  often  exhibit  the  phe- 
nomenon known  as  "conjugation  "  or  "zygo- 
sis." Under  these  circumstances,  two  Difflu- 
gicB  come  in  contact ;  the  mouths  of  the  two 
tests  are  brought  together  ;  the  two  animals 
flow  backwards  and  forwards  into  each  other's 

tests,  with  an  apparently  complete  incorporation  ;  and  finally  they  separate 
again,  and  each  retires  to  its  own  test.  In  Arcella  there  is  a  discoid  or 
basin-shaped  carapace,  secreted  by  the  animal  itself,  and  likewise  possess- 


Fig.  8.  —  Difflngin  pyriforinis, 
greatly  enlarged.  (Altered 
slightly  fron\  Carter. )  The  test 
is  composed  of  angular  grains 
of  transparent  quartz,  within 
which  is  the  transparent  ecto- 
sarc,  lined  by  the  finely-granu- 
lar endosarc  ;  n  Nucleus  ;  c,  c 
Contractile  vesicles. 
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ing  but  a  single  pseudopodial  aperture,  placed  in  this  case  on  the  flat  sur- 
face  of  the  body.  One  species  of  Arcella  (viz.,  A.  arenaria)  is  terrestrial 
in  Us  habits. 

In  Pamphagus  there  is  no  carapace,  but  the  pseudopodia  are  neverthe- 
less protrusible  from  one  extremity  only  of  the  body,  the  remainder  of  the 
surface  appearing  to  be  of  too  resistant  a  consistence  to  allow  of  tiiis.  The 
common  Stm-animacule  {Actinophrys  sol)  is  another  well-known  Rhizopod 
which  is  commonly  placed  here  ;  but  it  is  better  considered  as  the  type  of 
a  group  of  Radiolaria,  uniting  this  last  named  order  with  the  Amoebea. 

The  Amoebea  may  be  divided  into  two  sub-orders  :  i.  Amoe- 
bijia,  including  those  forms  which  have  the  body  naked ;  and 
2.  Arcelli?ia,  comprising  those  in  which  the  body  is  protected 
by  a  carapace. 


CHAPTER  III. 

FOR  A  MINI  FERA. 

Order  III.  Foraminifera. — The  Foraminifera  may  be  de- 
fined as  Rhizopoda  in  which  the  body  is  protected  by  a  shell  oi- 
"  test,"  composed  of  carbonate  of  lime,  or  of  sand-grains  cemented 
together  ;  there  is  no  distinct  separation  of  the  sarcode  of  the  body 
into  ectosarc  and  endosarc,  atid  a  nucleus  and  co?itractile  vesicle 
are  present  in  at  a?iy  rate  some  cases.  The  pseudopodia  are  lo7ig 
a?td  filamentous,  and  interlace  with  one  another  to  form  a  net- 
ivork. 

The  Foraminifera  are  specially  characterised  by  the  posses- 
sion of  a  "  test "  or  external  shell,  which  is  usually  composed 
of  carbonate  of  lime,  but  is  often  composed  of  grains  of  sand 
or  other  adventitious  solid  particles  cemented  together  by 
animal  matter,  or  which,  as  in  Gromia,  may  be  simply  chitin- 
ous.  The  test  may  be  composed  of  an  aggregation  of  cham- 
bers or  "  loculi "  (fig.  lo,  c),  or  of  a  single  chamber  only,  and  its 
walls  are  usually  pierced  by  numerous  pores  or  "  foramina  " 
through  which  the  pseudopodia  are  protruded;  the  place  of 
these  being  in  other  forms  supplied  by  the  large  size  of  the 
terminal,  or  "-oral,"  aperture  of  the  shell  (fig.  lo,  b),  the  walls 
themselves  being  imperforate.  The  presence  or  absence  of 
foramina  in  the  shell-walls  is  believed  to  constitute  a  genuine 
structural  distinction,  and  the  Foraminifera  may  be  thereby 
divided  into  two  great  groups  {Perforata  and  Lnperforata). 

As  regards  the  soft  parts  of  the  Foraminifera,  the  body  is 
composed  of  extensile  and  contractile  sarcode — usually  red- 
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dish  or  yellowish  in  colour— which  not  only  fills  the  interior  of 
the  shell,  but  generally  invests  its  outer  surface  also  with  a  thui 
film  from  which  the  pseudopodia  are  emitted  (fig.  9,  b).  The 


Fig.  9. — Foraminifera.  a  The  animal  of  Noiiionhia,  after  the  shell  has  been  removed 
by  a  weak  acid  ;  b  Gromia  (after  Schultze),  showing  the  shell  surrounded  by  a  net- 
work of  filaments  derived  from  the  body -substance. 

test,  therefore,  in  this  case,  is  not  a  true  cuticular  secretion, 
like  that  of  the  Molhisca,  but  it  is  truly  immersed  within  the 
sarcode  of  the  body.  The  sarcode  is  not  differentiated  into  a 
distinct  ectosarc  and  endosarc,  and  until  recently  was  believed 
to  be  devoid  of  a  nucleus  and  contractile  vesicle,  and,  indeed, 
of  any  organs  or  specialised  parts  of  any  kind.  Recent  re- 
searches, by  Hertwig  and  F.  E.  Schultze,  have,  however,  shown 
the  presence  of  a  nucleus  and  of  contractile  vesicles  in,  at  any 
rate,  some  of  the  Foraminifera;  and  these  structures  are, 
therefore,  probably  present  in  all. 

The  pseudopodia  in  all  the  Foraminifera  (fig.  10,     e)  are 
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filamentous  and  protrusible  to  a  great  length,  and  they  possess 
the  singular  property  of  uniting  together  in  various  directions 


Fig.  lo. — Morphology  of  Foraminifera.  a  Lagena  vulgaris,  a  monpthalamous  Fora- 
minifer ;  b  M iliola  (after  Schultze),  showing  the  pseudopodia  protruded  from  the  oral 
aperture  of  the  shell ;  c  Discorbina  (after  Schultze),  showing  the  nautiloid  shell  with 
the  foramina  in  the  shell-wall  giving  exit  to  pseudopodia ;  d  Section  of  Nodosaria 
(after  Carpenter) ;  e  Nodosaria  hispida  ;  f  Globigerina  btilloides. 

so  as  to  form  a  kind  of  network,  like  an  "  animated  spider's 
web."  (Hence  the  name  Reticulosa  applied  to  the  order  by 
Dr  Carpenter.)  This ' property,  however,  is  not  peculiar  to 
members  of  this  order,  but  is  seen  also  in  Actmophrys  and  in 
the  Thalassicollida,  though  to  a  less  extent.  Further,  through- 
out the  entire  network  formed  by  the  inosculating  pseudo- 
podia there  is  a  constant  circulation  of  granules  in  different 
directions.  This  singular  phenomenon  is  in  many  respects 
analogous  to  the  circulation  of  granules  which  is  seen  in 
many  vegetable  cells,  and  it  is  believed  by  Dr  Carpenter  that 
"the  conditions  of  the  two  sets  of  phenomena  are  essentially 
the  same." 

The  shells  oi Foraminifera  maybe  classed  in  three  divisions, 
termed  respectively  the  "  porcellanous,"  the  "hyaline"  or 
"vitreous,"  and  the  "arenaceous."  The  porcellanous  shell  is 
calcareous,  quite  homogeneous  in  its  composition,  is  opaque- 
white  when  seen  by  reflected  light,  and  is  not  perforated  by 
pseudopodial  foramina.  In  these  forms  {e.g.^ Milio/a,  fig.  lo,  b). 
the  pseudopodia  are  emitted  solely  from  the  mouth  of  tlie 
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last-formed  segment  of  the  shell.  The  vitreous  shell  is  also 
calcareous  in  composition,  is  transparent  and  glassy  in  texture, 
and  its  walls  are  perforated  by  numerous  pseudopodial  aper- 
tures. The  arenaceous  shell  is,  properly  speaking,  not  a  true 
shell  secreted  by  the  animal,  since  it  is  simply  composed  of 
particles  of  sand  united  together  by  some  unknown  cement. 
Its  walls  may  or  may  not  be  traversed  by  pseudopodial  fora- 
mina ;  but  these  openings  are  usually  absent. 

In  some  of  the  Foraminifera,  hence  called  "simple"  or 
"  unilocular "  {Monothalaviia),  the  shell  consists  of  a  single 
chamber,  and  the  animal  is,  in  fact,  nothing  more  than  a  little 
mass  of  sarcode  enveloped  in  a  calcareous  covering.  Lagena 
(fig.  II,  A),  with  its  beautiful  flask-shaped  shell,  may  be  taken 


ABC 

Fig.  II.  —  Diagram  to  illustrate  the  formation  of  the  compound  Foraminifera.  A, 
Simple  form  (^Lagettd),  consisting  of  a  sphere  of  sarcode,  surrounded  by  a  calcareous 
shell ;  B,  Compound  form,  produced  by  linear  gemmation  from  a  primitive  segment 
resembling  A  {Nodosaria) ;  C,  Compound  form  \Disco7-biiia),  in  which  the  buds  are 
thrown  out  in  a  spiral,  the  coils  of  which  lie  in  one  plane. 

as  the  type  of  this  division.  Another  well-known  unilocular 
form  is  E?itosolenia,  which  is  like  Lagena  in  shape,  but  has  the 
tubular  neck  reversed,  so  as  to  be  inserted  into  the  interior  of 
the  test.  In  the  so-called  Polythalamia^^  or  "  multilocular  ^' 
Foraminifera,  the  shell  is  composed  of  many  chambers  sepa- 
rated from  one  another  by  divisional  walls  or  "  septa  "  (fig.  10, 
c,  d,  e),  each  of  which  is  perforated  by  one  or  more  openings,  or 
"  septal  apertures,"  by  means  of  which  the  sarcode  occupying 
the  different  chambers  is  united  into  a  continuous  and  organic 
whole,  the  connecting  bands  being  called  "stolons."  Complex 
as  their  structure  often  is,  the  compound  Foraminifera  are, 
nevertheless,  formed  by  a  process  of  continuous  gemmation  or 
budding  from  a  single  "primordial  segment"  in  every  respect 
identical  with  the  permanent  condition  of  a  simple  species. 
They  commence  their  existence,  therefore,  as  Monothalamia, 
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and  are  converted  into  Polythalamia  merely  by  a  process  of 
"  vegetative  "  or  "  irrelative  repetition."  As  their  development 
proceeds,  the  primitive  mass  of  sarcode,  or  "  primordial  seg- 
ment," throws  out  fresh  segments  in  the  form  of  buds  accord- 
ing to  a  determinate  law  and  it  is  upon  the  direction  in 
which  these  segments  are  evolved  that  the  ultimate  form  of 
the  shell  depends  (fig.  ii).  The  more  important  variations  in 
this  respect  are  as  follows  :  If  the  additional  segments  are 
added  to  the  primordial  chamber  in  a  linear  series,  so  as  to 
form  a  straight  or  slightly  curved  line,  we  obtain  respectively  a 
Nodosaria  (fig.  lo,  e)  or  a  Dentalina.  When  the  new  cham- 
bers are  added  in  a  spiral  direction,  each  being  a  little  larger 
than  the  one  which  preceded  it,  and  the  coils  of  the  spiral 
lying  in  one  plane,  then  we  get  the  "  nautiloid  "  shell,  so  com- 
mon amongst  the  Foraminifera  (fig.  lo,  c).  This  type  of  shell 
is  so  closely  similar  to  the  shape  of  the  Pearly  Nautilus,  that 
the  older  naturalists  were  long  in  the  habit  of  classing  these 
forms  along  with  the  Cephalopoda,  or  Cuttle-fish  order.  In  the 
true  nautiloid  shell  the  convolutions  of  the  spiral  lie  in  a  single 
plane,  as  in  Rotalina,  and  the  shell  is  said  to  be  "  equilateral." 
In  other  cases,  however,  the  spiral  passes  obliquely  round  a 
central  axis,  and  the  shell  becomes  conical  or  turreted,  when 
it  is  said  to  be  "inequilateral"  or  "trochoid."  In  other  forms, 
such  as  Numimclites  (fig.  13)  and  Orbitolites,  the  structure  of 
the  shell,  though  regular,  is  much  more  complicated.  Besides 
these  symmetrical  forms,  there  exist  others  in  which  the 
arrangement  of  the  segments  is  more  irregular,  as  is  seen  in 
Globigerina,  Acervulina,  &c.  (fig.  10,  f).  Microgroinia  socialis, 
again,  forms  true  colonies  of  a  totally  different  kind,  several 
individuals  uniting  and  becoming  incorporated  with  one 
another  by  means  of  their  pseudopodia. 

Beside  the  true  pseudopodial  foramina  with  which  the  walls 
of  the  test  in  most  of  the  Foraininifera  are  pierced,  there  exists 
in  some  forms  an  additional  system  of  complicated  branching 
and  anastomosing  tubes,  which  are  distributed  between  the 
laminae  of  the  sliell,  and  establish  a  communication  between 
its  external  and  internal  surfaces. 

Classification  of  the  Foraminifera. — The  classification  of  the 
Forafuinifera  has  proved  a  matter  of  considerable  difficulty.    The  older 

*  The  discovery  by  Hertwig  and  F.  E.  Schultze  of  a  nucleus  in  the 
Foraminifei-a  has  rendered  this  view  as  to  the  production  of  the  compound 
Foraminifera  from  the  simple  forms  somewhat  doubtful.  Tliere  is,  namely, 
as  a  rule,  but  a  single  nucleus  in  a  compound  Foraminifer,  and  the  re- 
maining segments  are  non-nucleated,  and  appear  to  be  produced  by  simple 
constriction  of  the  protoplasmic  mass  of  the  body  at  successive  intervals. 
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arrangements  were  unnatural,  as  being  based  wholly  on  the  form  of  the 
shell,  a  point  in  which  the  Foraminifera  show  a  most  marvellous  variability. 
For  this  reason  the  artificial  systems  proposed  by  D'Orbigny  and  Max 
Schultze  have  now  been  generally  abandoned,  and  their  place  has  been 
taken  by  the  schemes  of  classification  put  forward  independently  and 
almost  simultaneously  by  Professor  Von  Reuss  upon  the  Continent,  and  by 
Dr  Carpenter,  Mr  Parker,  and  Professor  T.  Rupert  Jones  in  this  country. 
Both  these  arrangements  agree  in  the  essential  feature  that  they  divide  the 
Foraminifera  into  two  great  primary  divisions,  in  accordance  with  the 
nature  of  the  shelly  investment.  In  the  one  division  {Imperforata),  the 
test  is  not  perforated  by  pseudopodial  apertures,  and  it  may  be  either 
"arenaceous"  or  "porcellanous."  In  the  other  division,  the  test  is  per- 
forated by  more  or  less  numerous  pseudopodial  foramina,  and  to  this 
division  the  name  of  Perforata  is  applied.  The  following  tables  exhibit 
the  arrangements  proposed  by  Carpenter,  Parker,  and  Rupert  Jones,  on 
the  one  hand,  and  Reuss,  on  the  other  hand  ;  the  former  being  the  most 
natural,  and  the  one  most  widely  adopted  : — 

Classification  of  the  Foraminifera,  according  to  Carpenter, 
Parker,  and  Rupert  Jones, 

Sub-Order  I.  Imperforata. — Test  membranous,  calcareous,  or 
arenaceous,  not  perforated  by  pseudopodial  foramina. 

Family  i.  Gromida. 
II  2.  Miliolida. 
II      3.  Litiiolida. 

Sub-Order  II.  Perforata.— Test  perforated  by  pseudopodial  fora- 
mina, generally  calcareous. 

Family  i.  Lage7iida. 
II     2.  Globigerinida. 
II     3.  Nuvimulinlda. 

Classification  of  the  Foraminifera  according  to  Reuss, 
I.  Foraminifera  with  a  Non-perforate  Test. 

A, — With  arenaceous  tests. 

1.  Lituolidea. 

2.  Uvellidea. 

B,— With  compact,  porcellanous,  calcareous  tests. 

1 .  Squanndinidea. 

2.  Miliolidea. 

3.  Peneroplidea. 

4.  Orbitulitidea, 

II.  Foraminifera  with  a  Perforate  Test. 
A. — With  a  glassy,  finely-porous,  calcareous  test. 

1.  Spirillinidea. 

2.  Oviclitidea. 

3.  Rhabdoidea. 

4.  Cristellaridea. 

5.  Polymoj'phhiidea, 

6.  Cryptosiegia. 

7.  Textilandea. 

8.  Cassidulinidea. 
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B. — With  an  exceedingly  porous,  calcareous  test. 
I.  Roialidea. 

C— With  a  calcareous  shell,  traversed  by  a  ramified  canal-system, 

1 .  Polystomell idea, 

2.  Nutiwmlitidea. 

With  regard  to  the  classification  of  the  Foraminifera,  the  author  maybe 
excused  for  quoting  some  remarks  on  this  subject  made  by  Mr  Henry 
Bowman  Brady,  F.R.S.,  one  of  the  highest  living  authorities  on  this  group 
of  organisms  ;  since  they  not  only  have  a  most  important  bearing  upon  the 
special  point  in  question,  but  forcibly  express  the  principles  which  should 
guide  the  philosophic  naturalist  in  his  systematic  treatment  of  all  such  vari- 
able forms  of  life  : — *  "  A  piu'ely  artificial  classification  is  ill  adapted  to  the 
conditions  presented  by  a  class  of  organisms  like  the  Foi'dmuiifera,  largely 
made  up  of  groups  of  which  the  modifications  run  in  parallel  lines.  This 
'isomorphism,'  demonstrated  chiefly  by  the  labours  of  Messrs  Parker  and 
Jones,  whilst  it  is  the  source  of  most  of  the  difficulties  the  systematist  has 
to  contend  with,  is,  at  the  same  time,  the  key  to  the  natural  history  of  the 
order.  It  exists  not  merely  between  a  single  series,  say  in  one  of  the  larger 
divisions,  with  a  single  series  in  another,  but  often  amongst  several  series 
even  of  the  same  family.  It  not  unfrequently  happens  that  a  member  of 
one  group  presents  a  greater  similarity  to  its  isomorph  in  another  group 
with  which  it  has  a  relationship,  than  it  does  to  any  other  member  of  its 
own  group.  Take  a  familiar  illustration — suppose  the  fingers  of  the  two 
hands  to  represent  the  modifications  ('species')  of  two  such  parallel  types 
of  Foramijiifera :  the  thumb  of  one  hand  resembles  more  closely  the  thumb 
of  the  other  hand  than  it  does  any  other  of  the  fingers  on  its  own.  In 
other  words,  the  extreme  member  of  one  series  resembles  more  closely  its 
isomorph  in  the  other  series  than  it  does  its  own  nearer  relations,  and  so 
on  through  the  remaining  members  of  the  I'espective  groups.  Under  con- 
ditions like  these,  artificial  subdivision,  based  upon  minor  morphological 
characters,  is  certain  to  infringe  the  order  of  nature.  Its  tendency  is  to 
separate  forms  closely  allied,  and  in  many  cases  to  place  together  such  as 
have  no  close  affinity." 

Affinities  of  Foraminifera. — The  Foraminifera  are  related  on  the 
one  hand  to  the  Amcebea,  and  on  the  other  to  the  Spongida.  From  the 
former  the  "unilocular"  Fo7-aminifera  differ,  both  in  the  possession  of  an 
external  envelope,  and  in  the  much  less  highly  differentiated  characters  of 
their  sarcode  ;  but  the  points  of  resemblance  are  obvious,  and  in  such  a  form 
as  Lieberkiihnia  we  are  presented  with  an  apparent  transition  between  the 
two  orders.  From  the  shelled  A mcebea,  such  as  A rcella,  the  Foraminifera 
are  fundamentally  distinguished  by  the  different  nature  of  the  sarcode-body 
and  the  different  characters  of  the  pseudopodia. 

To  the  Sponges  the  Foraminifera  are  related  in  various  ways,  one  of  the 
most  striking  links  being  found  in  Carpentaria,  a  singular  attached  form  of 
Foraminifer.  The  shell,  namely,  of  Carpenteria  is  conical  and  calcare- 
ous, composed  of  an  aggregation  of  chambers  arranged  in  a  spiral,  and 
having  its  walls  perforated  by  numerous  foramina  of  minute  size.  The 
interior  of  the  chambers,  however,  is  filled  with  "a  fleshy,  sponge-like 
body,"  strengthened  by  numerous  spicula.    According  to  Schultze,  how- 


*  The  remarks  here  quoted  are  taken  from  the  introduction  to  Mr 
Brady's  admirable  '  Monograph  of  the  Carboniferous  Foraminifera  of 
Great  Britain.' 
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ever,  the  siliceous  spicules  found  in  the  interior  of  Carpmteria,  and  also 
of  Polytrema,  are  not  really  parts  of  these  organisms,  but  belong  to  a  para- 
sitic sponge. 

Another  curious  link  between  the  Foraminifera  and  the  Sponges  is  the 
Sqiiatmilina  scapula  of  Carter,  which  is  truly  a  Fora7ninifcr,  though  origi- 
nally referred  to  the  latter.  It  consists  of  an  arenaceous  test,  forming  a 
pedestal  surmounted  by  an  obversely  conical  column.  Both  pedestal  and 
column  are  more  or  less  perfectly  chambered,  and  are  filled  with  semi- 
transparent  yellowish  sarcode.  At  the  summit  of  the  column  is  a  minute 
aperture  surrounded  by  a  brush  of  spicules,  and  the  whole  stmcture  is  fixed 
by  the  pedestal  to  some  solid  object. 

To  the  Polycystina,  the  Foraminifera  are  obviously  and  closely  allied. 
They  agree  in  the  nature  of  the  sarcode-body,  in  the  filamentous,  inoscu- 
lating pseudopodia,  and  in  the  phenomenon  of  a  pseudopodial  circulation 
of  granules.  They  differ  solely  in  the  nature  of  the  "  test,"  which  is  cal- 
careous or  arenaceous  in  the  Foraminifera,  but  is  always  siliceous  in  the 
Polycysiina. 


Distribution  of  Foraminifera  in  Space. — The  Forami- 
nifera (with  the  exception  of  Gromia,  which  occurs  in  both 
fresh  and  salt  water)  are  marine,  and  are  found  in  ahnost  all 
seas,  though  more  abundantly  in  those  of  the  warmer  parts  of 
the  globe.  It  is  concluded  by  Dr  Carpenter  that  "  the  fora- 
miniferous  fatma  of  our  own  seas  probably  presents  a  greater 
range  of  variety  than  existed  at  any  preceding  period;  but 
there  is  no  indication  of  any  tendency  to  elevation  towards  a 
higher  type."  One  of  the  most  remarkable  facts  about  their 
distribution  at  the  present  day, 
is  the  existence  of  a  deposit  at 
great  depths  in  the  Atlantic 
and  Pacific  oceans,  in  areas 
traversed  by  warm  currents,  of 
a  mud  or  "ooze"  formed  al- 
most entirely  of  the  shells  of 
Foraminifera,  and  principally 
oi  Globigerince  {^^g.  \2),  This 
"  Globigerina  ooze "  is  found 
up  to  depths  of  3000  fathoms, 
and  may  be  regarded  as  the 
modern  analogue  of  the  White 
Chalk  of  the  Cretaceous  period. 
The  deep-sea  dredgings  of  late 
years  have  further  brought  to 
light  an  immense  number  of 
forms  of  "arenaceous"  Fora- 
minifera q{  the  most  varied  and  interesting  characters.  Some 
of  the  living  Foramijiifera  may  be  obtained,  at  or  near  low- water 
mark,  adhering  to  the  roots  of  tangle ;  but  they  are  mostly  to 


Fig.  12.— Organisms  in  the  Atlantic  ooze, 
chiefly  Forainhiifera  {Globigerina  and 
Textularia),  with  Polycysiina,  and 
Sponge  -  spicules  ;  highly  magnified. 
(Original.) 
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be  obtained  by  dredging  in  deeper  water,  or  by  search  in  the 
shelly  sand  of  the  sea-shore. 

Most  of  the  recent  Foraminifera  are  very  minute,  often 
\yholly  microscopic  in  their  dimensions ;  but  some  of  the  ex- 
tinct forms  attained  the  size  of  as  much  as  three  inches  in 
circumference  (^.^.,  the  Nummulites  of  the  Eocene,  fig.  13), 
and  the  spheres  of  the  Cretaceous  Parkeria  may  have  a  cir- 
cumference more  than  twice  as  great  as  this. 

Distribution  of  Foraminifera  in  Time.  —  Remains  of 
Foraminifera  have  been  found  in  Palaeozoic,  Mesozoic,  and 
Kainozoic  formations.  In  the  oldest  stratified  rocks  with  which 
we  are  acquainted — viz.,  the  Laurentian  rocks  of  Canada — 
there  occurs  a  singular  body  which  has  been  described  as  the 
remains  of  a  gigantic  Foraminifer,  under  the  name  of  Eozoon 
Canadense.  If  truly  organic,  as  is  doubted  by  some,  it  is  the 
oldest  fossil  as  yet  discovered.  It  appears  to  have  grown 
in  reef- like  masses  resembling  the  sessile  patches  of  Foly- 
treina*  and  Calca?-ina,  to  both  of  which,  as  well  as  to  the 
extinct  Nummulites^  it  shows  a  decided  affinity.  In  the  Silurian 
rocks,  remains  of  Foraminifera,  some  of  which  are  apparently 
identical  with  existing  forms,  have  been  detected  in  various 
places,  and  it  is  not  impossible  that  the  large  Silurian  fossils 
known  as  Receptaculites  and  Stromatopora  should  really  be  re- 
ferred to  this  order.  Little  is  yet  known  of  the  Foraminifera 
of  the  Devonian  period ;  but  the  remains  of  these  organisms 
are  found  abundantly  in  the  Carboniferous,  and  less  plentifully 
in  the  Permian  deposits.  Whole  beds  of  the  Carboniferous 
Limestone  in  Russia,  Armenia,  N.  America,  &c.,  are  made  up 
of  the  shells  of  Fusulina  ;  and  in  Britain  Mr  Brady  has  shown 
that  the  same  formation  is  occasionally  largely  composed  of 
the  arenaceous  spheres  of  Saccammina,  a  genus  which  is  espe- 
cially interesting,  as  Sars  has  found  vast  numbers  of  a  living 
form  at  considerable  depths  in  the  North  Sea.  In  the  Second- 
ary rocks  Forami7iifera  occur  in  great  abundance,  the  widely- 
spread  formation  known  as  the  Chalk  being  crowded  with  these 
organisms.  Chalk  itself,  in  fact,  is  almost  entirely  composed 
of  the  cases  of  Foraminifera,  some  of  which  are  identical  with 
species  now  existing. 

In  the  Tertiary  rocks  the  Forami7iifera  attain  their  maximum 
of  development,  both  as  regards  the  size  and  the  number  of 

*  Polytrema  is  a  little  branched  coral-like  Foraminifer,  composed  of  a 
calcareous  test  forming  a  number  of  irregular  chambers,  which  communicate 
with  one  another  by  wide  orifices,  and  are  filled  with  colourless  sarcode. 
The  walls  of  the  chambers  are  also  penetrated  by  an  extensive  system  of 
capillary  canals. 
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the  forms  which  characterise  them.  The  period  of  the  Middle 
Eocene  is  especially  distinguished  by  a  very  widely  spread  and 
easily  recognised  rock  known  as  the  Nummuhtic  Limestone, 
so  called  from  the  abundance  in  it  of  a  large  coin-shaped  Fora- 
minifer  termed  the  Nummulite  (fig.  13).  The  Nummulitic  Lime- 


Fig.  13. — Nummulina  leBvigata.  Eocene. 

Stone  stretches  from  the  west  of  Europe  to  the  frontiers  of 
China ;  but  in  some  cases,  in  place  of  Nummulina  proper,  it 
contains  the  remains  of  a  mimetic  form  termed  Orbitoides. 
Upon  the  whole,  Dr  Carpenter  concludes  that  "  there  is  no 
evidence  of  any  fundamental  modification  or  advance  of  the 
foraminiferous  type  from  the  Palseozoic  period  of  the  present 
time." 


CHAPTER  IV. 

RADIOLARIA . 

Order  IV.  Radiolaria.  —  The  order  Radiolaria  was 
founded  by  Miiller  to  include  the  Folycystina,  the  Acanthomet- 
rina,  and  the  Thalassicollida,  to  which  Dr  Carpenter  adds 
Adinophrys  and  its  allies,  chiefly  on  account  of  the  form  of  the 
pseudopodia,  the  latter  forming  a  special  group,  to  which  the 
name  of  Heliozoa  may  be  given.  Most  of  the  Radiolaria  are 
marine,  but  some  few  forms  of  ThallassicoUida  have  been  de- 
scribed as  occurring  in  fresh  water,  and  most  of  the  Heliozoa 
have  the  same  habitat. 

The  order  Radiolaria  may  be  defined  as  comprising  those 
Rhizopods  7vhich  generally  possess  a  siliceous  test  or  siliceous 
spicules,  and  are  provided  with  pseudopodia  which  stand  out  like 
radiating  filaments,  and  occasionally  rim  into  one  another.  All  of 
the  typical  Radiolaria  possess  a  central  membranous  capsule  su?-- 
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rounded  by  an  envelope  of  sarcode.  The  extra-capsidar  sarcodc 
generally  contai?is  a  layer  of  yellow  cells,  which  are  noiv  Imown 
to  be  composed  partly  of  starch.  If  we  omit  Actinophrys  and  its 
allies— which  cannot  be  regarded  as  typical  members  of  the 
order— no  contractile  vesicle  present.  In  the  aberrant  Myxo- 
brachia,  also,  the  characteristic  radiating  pseudopodia  are  ab- 
sent, the  organism  being  furnished  with  from  one  to  sixteen 
arm-like  processes  of  sarcode,  the  clavateends  of  which  enclose 
numerous  calcareous  bodies  (coccoliths  and  coccospheres), 
which  may,  however,  be  simply  taken  in  as  food. 

I.  Family  Acanthometrina. — The  Acanthometroi  (fig.  14,  a) 
are  all  minute,  and  are  found  floating  near  the  surface  in  the 


Fig.  14. — a  Acanihomeirci  lanceolata',  b  Haliommci  hexacanthwn,  one  of  the 
Polycystina,  showing  the  radiating  pseudopodia.  (After  MuUer.) 

open  ocean,  sometimes  in  great  numbers.  They  consist  of 
sarcode-bodies,  which  are  supported  by  a  framework  of  radiat- 
ing siliceous  spines,  the  extremities  of  which  usually  project 
considerably  beyond  the  body.  The  substance  of  the  body 
admits  of  division  into  an  outer  membranous  layer,  or  "  ecto- 
sarc,"  and  an  internal  granular  layer,  or  "  endosarc."  The 
siliceous  spines  are  hollow,  being  grooved  at  the  base  by  a 
gutter,  which  is  continued  further  up  the  spine  by  a  canal  ter- 
minating at  the  apex  of  the  spine  by  a  distinct  ajjerture.  The 
spines,  in  consequence  of  this  structure,  are  able  to  serve  for  the 
transmission  of  the  pseudopodia,  which  gain  tlie  exterior  b}' 
running  through  the  canals  and  escaping  at  their  apices.  Many 
of  the  pseudopodia,  however,  do  not  occupy  the  canals  of  the 
spines. 

II.  Fam.  Polycystina. — The  members  of  this  family  are 
closely  related  to  the  Fo7-aminifera,  differing  from  them  chiefly 
in  the  fact  that  their  shells  are  composed  of  flint  instead  of  1 
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carbonate  of  lime,  as  in  most  of  the  latter.  They  possess  a 
body  of  sarcode,  which  is  enclosed  in  a  foraminated  siliceous 
shell,  which  is  often  furnished  with  spine-like  processes,  and  is 
usually  of  great  beauty  (fig.  14,  b).  The  sarcodic  substance  of 
the  body  is  olive-brown  in  colour,  with  yellow  globules,  and 
often  does  not  entirely  fill  the  shell.  The  pseudopodia  are 
emitted  through  the  foramina  in  the  test,  and  are  long,  ray-like 
filaments,  which  display  a  slow  movement  of  granules  along 
their  borders. 

The  Polycystina  are  all  microscopic,  and  are  all  inhabitants 
of  the  sea,  having  a  very  wide  distribution.  They  likewise 
extend  to  great  depths ;  and  one  of  the  numerous  facts  of  in- 
terest brought  to  light  by  the  researches  of  the  "  Challenger 
Expedition,"  under  Sir  Wyville  Thomson,  has  been  that  large 
areas  of  the  sea-bottom,  up  to  the  enormous  depth  of  4500 
fathoms,  are  formed  by  an  "  ooze  "  composed  of  the  siliceous 
cases  of  Polycystina  and  other  Radiolarians.  Similar  deposits 
of  Tertiary  age,  are  known  as  occurring  in  the  crust  of  the 
earth  in  various  regions.  One  of  the  best  known  of  these  is 
the  "Barbadoes  Earth"  (fig.  15),  which  is  almost  wholly  com- 
posed of  the  delicate  flinty  shells 
of  the  Polycystina.  The  remains 
of  Polycystina  have  also  now 
been  detected  in  rocks  as  old 
as  the  Carboniferous  formation. 

III.  Fam.  Thalassicollida. 
— The  Thalassicollida  have  been 
defined  as  being  Rhizopoda 
which  are  '■'■provided  with  sti-uc- 
tureless  cysts  containing  cellular 
elements  and  sarcode,  and  sur- 
rounded by  a  layer  of  sarcode, 
giving  off  pseudopodia  which 
comt7i07ily  stand  out  like  rays,  but 

may  a7ld  do  run  into  0?ie  another,    Fig.  15.  —  Shells  of  Polycysti?ia  from  the 

and  so  form  net-works  "  (Hux-  (o^dginatr  ^^"^ ^""'^"^  ""^s^'fi^d. 
ley). 

Thalassicollida  may  be  simple  or  composite,  the  latter 
consisting  essentially  of  aggregations  of  the  former;  whilst 
these  are  fundamentally  composed  of  a  mass  of  granular  proto- 
plasm, containing  a  nucleus,  but  without  a  contractile  vesicle, 
"  enclosed  in  a  membranous  capsule,  which  is  in  turn  protected 
by  a  more  or  less  thick  gelatinous  exudation,  whilst  numerous 
sarcoblasts  occur  scattered  through  the  endosarc,  and  occa- 
sionally a  few  may  be  seen  suspended  within  the  external  gela- 
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tinous  stratum"  (Wallich).  The  whole  organism  is  supported 
by  more  or  less  extensively  developed  skeletal  structures.  The 
skeleton  may  be  simple,  consisting  of  a  delicate  fenestrated 
shell ;  or  may  be  compound,  consisting  of  a  number  of  spicular 
masses. 

The  three  best-known  genera  of  the  family  are  Spheerozoibn,  Collo- 
sphcera,  and  Thalassicolla.  Tliey  are  all  marine,  being  found  floating 
passively  at  the  surface  of  most  seas  ;  and  they  sz.xy.  in  size  from  an  inch 
in  diameter  downwards.  Sphcerozoiim  consists  essentially  of  a  number 
of  spherical  sarcode-bodies  (sometimes  called  "  cellseform  bodies")  with 
distinct  nuclei,  surrounded  by  a  zone  of  siliceous  spicules,  the  whole 
being  embedded  in  a  common  gelatinous  matrix.  The  centre  of  the  mass 
is  vacuolated,  sometimes  to  such  an  extent  that  it  becomes  a  hollow 
sphere. 

In  Collosphara,  the  spherical  body — which  is  very  like  that  of  the  pre- 
ceding form— is  enclosed  in  a  transparent  siliceous  envelope,  which  is 


Fig.  i6. — Morphology  of  Radiolaria.  a  Siliceous  fenestrated  test  of  CoUosphiera 
Hnxleyi;  b  Thallassicolla  moricvi,  showing  cellaeform  bodies,  compound,  groups  of 
spicules,  and  radiating  pseudopodia. 

perforated  by  numerous  rounded  apertures  or  "fenestrse."  This  form, 
therefore,  approaches  very  closely  to  the  Polycystina,  especially  to  those 
in  which  the  foramina  are  so  large  that  the  test  is  reduced  to  a  mere  re- 
ticulate frame- work  (fig.  1 6,  a). 

Thalassicolla  differs  little  from  either  of  the  above  in  fundamental  struc- 
ture, but  it  contains  a  number  of  compound  siliceous  spicules  embedded 
in  its  ectosarc  (fig.  i6,  b). 

IV.  Fam.  Heliozoa.  —  The  Heliozoa  may  be  defined  as 
Rhizopoda,  ivhich  possess  a  contractile  vesicle,  and  are  devoid  of  a 
central  capsule.  The  body  is  naked,  or  is  pivvided  with  skeletal 
structures  of  a  variable  nature,  but  sometinies  siliceous.  The  pseu- 
dopodia stand  out  like  rays,  but  may  anastottiose  with  oiu  another. 

In  their  radiant  pseudopodia  and  in  the  occasional  presence 
of  siliceous  spicules,  the  Heliozoa  are  allied  to  the  typical 
Radiolarians ;  but  the  absence  of  a  central  capsule  and  the 
presence  of  a  contractile  vesicle  approximate  them  to  the 
Amoebea.    They  must,  therefore,  be  regarded  as  an  inosculat- 
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ing  group,  indifferently  referable  to  the  Avioebea  or  to  the 
Radiolaria. 

Most  of  the  Heliozoa  are  inhabitants  of  fresh  water,  and  we 
may  select  as  a  type  the  common  "  Sun-Animalcule "  {Adi- 
7iophrys  sol),  in  which  no  hard  structures  are  developed.  In 
this  animalcule  (fig.  1 7),  the  body  consists  of  a  spherical  mass 


Fig.  17. — Actinophrys  sol:  showing  the  radiating  pseiidopodia. 
One  specimen  has  swallowed  a  Diatom. 

of  sarcode,  about  1-1300  of  an  inch  in  diameter,  and  usually 
covered  with  long,  radiating,  filamentous  pseudopodia,  which 
are  much  less  mobile  than  in  the  case  of  the  Afnceba.  The 
division  of  the  substance  of  the  body  into  ectosarc  and  endo- 
sarc  is  tolerably  evident,  and  the  latter  contains  numerous 
granules  and  vacuoles.  The  pseudopodia  are  derived  from 
the  ectosarc  alone,  the  endosarc  not  passing  into  them,  and 
they  exhibit  a  circulation  of  granules  along  their  edges,  though 
this  is  not  nearly  so  marked  a  feature  as  in  the  case  of  the 
Foraminifej-a.  A  nucleus  and  contractile  vesicle  are  also 
present. 


CHAPTER  V. 
SPONGIDA. 

Order  V.  Spongida.— The  true  nature  of  sponges  has  long 
been  a  matter  of  dispute,  but  they  are  now  universally  referred 
to  the  animal  kingdom,  and  placed  either  in  or  near  the 
Rhizopoda. 

The  Spongida  may  be  defined  as  "  sarcode-bodies,  destitute  of 
a  mouth,  a?id  united  into  a  composite  mass,  which  is  traversed  by 
canals  opening  on  the  surface,  and  is  almost  always  supported  by 
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a  framework  of  horny  fibres,  or  of  siliceous  or  calcareous  spicula  " 
(AH  man).  ^ 

_  From  the  above  definition  it  will  be  seen  that  a  sponge 
IS  composed  essentially  of  two  elements— a  soft,  gelatinous, 
investing  ''flesh,"  and  an  internal  supporting  framework  or 
"skeleton." 

Taking  an  ordinary  horny  sponge  as  the  type  of  the  order, 
we  find  it  to  be  composed  of  a  skeleton  (fig,  21)  of  horny 
reticulated  fibres  which  interlace  in  every  direction,  and  are 
pierced  by  numerous  apertures,  the  whole  surrounded  exter- 
nally and  internally  by  a  gelatinous  glairy  substance,  like  white- 
of-egg,  the  so-called  "  sponge-flesh."    The  horny  skeleton  is 
composed  of  a  substance  called  "keratode,"  and  is  often 
strengthened  by  spicula  of  lime  or  flint,  which  also  occur  less 
abundantly  in  the  sponge-flesh.    These  must  not,  however,  be 
confounded  with  the  skeleton  of  the  typical  calcareous  or 
siliceous  sponges  in  which  the  keratode  is  wanting.    Of  the 
apertures  which  penetrate  the  substance  of  the  sponge  in  every 
direction,  some  are  large  crateriform  openings,  and  are  termed 
"oscules,"  or  "  exhalant  apertures  ;"  whilst  others,  which  occur 
in  much  greater  numbers,  are  greatly  smaller  in  size,  and  are 
termed  "pores,"  or  "inhalant  apertures  (fig.  18),    Both  the 
oscula  and  pores  can  be  closed  at  the  will  of  the  animal ;  but 
the  oscula  are  permanent  apertures,  whereas  the  pores  are  not 
constant,  but  can  be  formed  afresh  whenever  and  wherever 
required.    The  "  sponge-flesh,"  which  invests  the  entire  skele- 
ton, is  found  upon  a  microscopical  examination  to  be  com- 
posed of  an  aggregation  of  rounded  amabiform  bodies — the 
so-called  "sponge  particles"  or  "sarcoids"  (fig.  19).  Some 
of  these  are  ciliated ;  whilst  all  are  capable  of  emitting  pseudo- 
podia  from  all  parts  of  their  surface,  and  are  provided  with 
nuclei  and  contractile  vesicles,  thus  coming  closely  to  resemble 
so  many  AmabcR.    Regarding  the  skeleton  as  something  super- 
added, we  may,  in  fact,  look  upon  a  sponge  as  being  essenti- 
ally nothing  more  than  an  aggregation  of  AnioibcB,  since  each 
"sarcoid"  is  capable  of  procuring  and  assimilating  food  for 
itself  in  a  manner  strictly  analogous  to  what  we  have  seen  in 
the  Amceba.    This  view  becomes  still  more  easily  comprehen- 
sible when  we  consider  the  simplest  condition  in  which  a 
sponge  occurs  in  nature  (as  exemplified,  for  instance,  in  certain 
of  the  CalcispongicB,  such  as  Sycandra,  18  B);  the  condition, 
namely,  in  which  the  entire  sponge  consists  of  a  colony  of 
amoebiform  sarcoids,  secreting  a  common  skeleton,  but  pro- 
vided with  only  a  single  "  osculum,"  and  a  greater  or  less 
number  of  inhalant  "  pores."    There  are,  in  fact,  many  who 
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hold  that  the  more  complex  sponges  are  merely  produced  by 
the  aggregation  together  of  a  number  of  these  simpler  colonies. 


A  B 

Fig.  18. — A,  Axifiella  polypoides,  a  fibrous  sponge  showing  oscula  and  pores.  B, 
Sycaiidra  ciliata,  a  calcareous  sponge,  showing  the  single  terminal  osculum.  (After 
Schmidt.) 

Whilst  large  portions  of  the  soft  parts  of  a  sponge  are  thus 
capable  of  being  resolved  into  separate  amoebiform  particles, 
the  same  cannot  be  asserted  of  all.  Parts  of  the  spongs-flesh 
consist  of  apparently  undifferentiated  protoplasm,  seemingly 
produced  by  the  complete  fusion  of  the  original  sarcoids  ;  and 
minute  fragments  of  this,  if  detached,  exhibit  active  amoeboid 
movements.  This  coalescence  of  the  primitive  cells  has  espe- 
cially taken  place  in  the  layer  of  sarcode  ("  dermal  membrane  " 
or  "  ectoderm  ")  which  covers  the  exterior  of  a  living  sponge. 

The  "sarcoid"  has  been  shown  by  Mr  Carter  to  be  "a 
granuliferous  polymorphic  body,  possessing  a  nucleus  and  one 
or  more  contracting  vesicles."  In  their  power  of  throwing  out 
pseudopodia,  as  before  remarked,  the  sarcoids  closely  resemble ' 
AfnabcB ;  but  those  which  possess  a  single  cilium  have  been 
shown  to  have  the  base  of  this  structure  surrounded  by  a  re- 
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markable  membranous  collar  (fig.  19,  B).  They  thus  present 
a  close  approxmiation  to  the  Flagellate  Infusoria. 


Fig.  19. — A,  Portion  of  Grantia,  highly  magnified,  showing  the  triradiate  spicules  and 
the  sarcoids  ;  B,  A  single  sarcoid  of  Grantia  compressa,  greatly  enlarged,  showing 
the  membranous  collar  {a),  the  flagellum  the  contractile  vesicles  (c  c),  and  the 
nucleus  («) ;  C,  A  sarcoid  of  Grantia  compressa,  with  the  pseudopodia  protruded 
and  without  the  flagellum,  greatly  enlarged.    (B  and  C  are  after  Carter.) 


To  construct  a  typical  sponge,  therefore,  we  must  imagine 
that  a  number  of  sarcoids,  such  as  above  described,  are  aggre- 
gated to  form  a  community  of  a  somewhat  spherical  shape, 
with  a  common  circular  aperture ;  that  each  sarcoid  has  the 
power  of  taking  food  into  its  interior,  and  of  discharging 
the  indigestible  portions,  after  the  manner  of  an  Amoeba;  and 
that  the  circular  aperture  opens  and  closes  itself  as  required  by 
the  needs  of  the  colony.  We  have  further  to  imagine  that 
these  spherical  communities  are  the  essential  elements  of  the 
sponge,  and  that  they  are  embedded  in  countless  numbers  in 
the  sarcode  of  each  individual  sponge,  constituting  the  so-called 
"ciliated  chambers." 

In  a  living  sponge  a  constant  circulation  of  water  is  main- 
tained by  means  of  an  aquiferous  system  (fig.  20),  which  is 
constituted  by  the  oscula  and  pores — already  alluded  to — and 
by  a  system  of  canals  excavated  in  the  substance  of  the 
sponge,  and  uniting  the  two  sets  of  apertures.  The  water 
passes  in  by  the  "pores"  or  inhalant  apertures,  and  is  con- 
veyed by  a  series  of  canals — the  "incurrent"  or  "afferent" 
canals — to  a  second  series  of  tubes — the  "  excurrent "  or 
"efferent"  canals — by  which  it  reaches  the  "oscula"  and  is 
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finally  expelled  from  the  body.  These  processes  are  regularly 
performed,  and  their  mechanism  was  long  a  subject  of  spec- 

!  ulation.  It  is  now  known,  however,  that  beneath  the  super- 
ficial layer  or  "  dermal  membrane  "  of  the  sponge  there  exist 
chambers  lined  with   sponge -particles  which  are  provided 

;  with  vibratile  filaments  or  cilia'  (fig.  20,  c  c).    The  pores  open 


Fig.  20.— Diagrammatic  section  oi  Spongilla  (after  Huxley),  a  a  Superficial  layer  or 
"dermal  membrane  ;"  b  b  Inhalant  apertures  or  "pores  c  c  Ciliated  chambers  ; 
d  An  exhalant  aperture  or  "osculum."  The  arrows  indicate  the  direction  of  the 
currents. 

into  these  chambers,  -and  from  them  proceed  the  incurrent 
canals,  each  being  dilated  at  its  commencement  into  a  sac, 
which  is  also  lined  with  ciliated  sponge  -  particles.  By  the 
vibratile  action  of  these  cilia,  currents  of  water  are  caused  to 
set  in  by  the  pores ;  and  as  out-going  currents  proceed  from 
the  oscula,  a  constant  circulation  of  fresh  water  is  maintained 
through  the  entire  sponge.  In  this  way  each  individual 
sponge-particle  is  enabled  to  obtain  nutriment ;  the  process 
being  at  the  same  time  not  improbably  a  rudimentary  form  of 
respiration.  The  chambers  or  sacs  lined  with  ciliated  sarcoids 
have  been  shown  by  Mr  Carter  to  be  the  essential  element  in 
the  organisation  of  the  fresh-water  and  marine  sponges,  and  to 
be  the  fundamental  expression  of  the  alimentary  system. 

In  a  few  Sponges  (the  Myxospoiigice  of  Hseckel),  as  in  the 
genus  Halisarca,  there  is  no  skeleton,  and  the  organism  con- 
sists of  an  aggregate  of  masses  of  sarcode,  permeated  by 
branched  canals,  which  are  everywhere  inflated  into  cham- 
bers lined  by  ciliated  sponge-particles  or  sarcoids.  As  a  gen- 
eral rule,  however,  the  soft  protoplasmic  aggregate  which  con- 
stitutes the  living  animal  of  the  sponge  is  supported  by  more 
or  less  extensively-developed  hard  structures,  which  collectively 
form  the  skeleton.    The  nature  of  the  skeleton  varies  greatly  in 
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different  forms,  and  the  variations  are  of  great  importance  in 
the  identification  and  classification  of  the  Sponges.  In  the 
so-called  "  horny  "  Sponges  (the  Keratosa  of  Bowerbank)  the 
skeleton  (fig.  21)  is  composed  of  numerous  fibres  of  a  horny 
substance  ("  keratode  ")  interlaced  to  form  a  matted  network. 


Fig.  21. — Fragment  of  the  skeleton  of 
a  horny  sponge  (after  Bowerbank), 
greatly  enlarged,  showing  interlacing 
horny  fibres  with  spicula. 


Fig.  22. — Different  forms  of  the  spicules 
of  the  horny,  calcareous,  and  siliceous 
sponges,  greatly  magnified. 


In  the  Sponges  of  commerce  {Spongid)  the  skeleton  is  simply 
composed  of  these  reticulated  horny  fibres ;  but  in  most  of 
the  "  Horny  "  Sponges  (such  as  Halichojidria,  Spdngilla,  &c.), 
we  find  in  addition  numerous  siliceous  bodies  which  partly 
strengthen  the  horny  fibres,  and  are  partly  scattered  through 
the  sarcode.  These  so-called  "spicules"  (figs.  21  and  22) 
are  of  very  varied  shapes,  and  of  microscopic  dimensions,  and 
their  form  is  usually  characteristic  of  the  particular  sponge  in 
which  they  occur. 

In  the  so-called  "calcareous"  Sponges  {Calcispongia)  Xht 
skeleton  is  composed  of  numerous  calcareous  spicules  (fig.  19, 
A),  which  are  in  the  form  of  simple  fusiform  rods  or  of  three- 
rayed  (rarely  four-rayed)  needles,  and  are  arranged  in  different 
ways  in  different  species. 

In  the  typical  "  siliceous  "  Sponges  {Silicispojigia)  the  skele- 
ton is  composed  of  fibres  of  flint  variously  disposed,  though 
some  observers  include  in  this  group  all  the  Horny  Sponges  as 
well.  The  siliceous  Sponges  are  mostly  inhabitants  of  the  deep 
sea,  and  many  of  them  are  remarkable  not  only  for  their  ex- 
treme beauty,  but  for  the  great  length  of  the  siliceous  spicules 
of  which  the  skeleton  is  made  up.  In  some  (  Vitrea  or  Hcx- 
actinellidcB)  the  skeleton  is  composed  primitively  of  six-rayed 
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spicules,  often  of  large  size,  which  generally  become  finally 
soldered  together  immovably,  so  as  to  form  a  delicate  glassy 
framework  of  silica.  In  others  {Lithistidce),  the  spicules  are 
not  primitively  six-rayed,  and  they  are  irregularly  disposed.  In 
others,  again,  the  skeleton  is  composed  of  radiating  bundles  of 
long  sihceous  spicules.  Among  the  more  remarkable  of  the 
Siliceous  Sponges  is  Hyalonema,  or  the  "glass-rope,"  long 
placed  amongst  the  Zoophytes  {Zoantharia  sckrobasica),  and  still 
considered  as  such  by  competent  authorities,  in  which  there  is 
a  cup-shaped  sponge-body,  supported  by  a  rope  of  long  twisted 
siliceous  fibres,  which  are  sunk  in  the  mud  of  the  sea-bottom. 
In  other  "  anchoring  sponges,"  such  as  Pheronema  and  Hol- 
tenia,  the  body  is  sessile  or  stemless,  and  is  moored  to  the  mud 
by  a  beard  of  long  delicate  spicules.  These  sponges,  in  their 
single,  long,  chimney-like  osculum,  show  a  curious  resemblance 
to  the  fossil  SiphonicB  of  the  Green-sand.  Similar  root-fibres  of 
flint,  traversing  the  mud  in  every  direction,  occur  in  the  beau- 
tiful Venus'  Flower-basket  {Euplectelld),  without  any  exception 
one  of  the  most  exquisite  of  all  organic  structures  known  to  us. 
In  the  living  state,  the  skeleton  of  Euplectella  is  completely 
concealed  by  a  thick  covering  of  brown  sarcode.  Primitively, 
also,  the  skeleton  is  flexible  and  soft, 
the  original  spicules  (which  are  of  large 
size)  becoming  ultimately  completely 
covered  with  a  coating  of  vitreous  silex, 
so  that  their  original  shape  is  altogether 
masked. 

_  The  reproduction  of  sponges  may  be  effected 
either  asexually  or  sexually,  the  following  being 
a  brief  outline  of  the  phenomena  which  have 
been  observed  in  the  common  fresh-water  sponge 
{Spongilld),  in  which  the  process  was  first  accu- 
rately noticed. 

In  the  first  or  asexual  method  of  reproduction, 
which  takes  place  in  the  winter,  the  deeper  por- 
tions of  the  sponge  are  found  to  be  filled  with 
small  seed-like  rounded  bodies,  termed  "gem- 
mules"  or  "spores,"  each  of  which  possesses  a 
small  aperture  or  "hilum"  at  one  point  (fig. 
23,  >^).  Each  gemmule  is  composed  of  an  outer 
coriaceous  capsule  surrounded  by  a  layer  of 
peculiar  asteroid  spicula,  resembling  two  toothed 
wheels  united  by  an  axle,  and  termed  "am- 
phidiscs"  (fig.  23,  b,  c).  These  amphidiscs  are 
embedded  m  sarcode,  whilst  their  inner  surfaces 
vest  upon  the  tesselated  capsule  already  mentioned.  In  the  interior  of 
lue  capsule  thus  formed  is  a  mass  of  protoplasmic  cells,  which  on  the 
coming  of  spnng,  is  extruded  through  the  hiliform  opening  of  the  can- 
sule  mto  the  water,  and  becomes  developed  into  a  young  Spon^lla  ^ 


Fig.  23. — a  Gemmule  of  Spon- 
gilla  :  h  Hilum ;  b  Diagram- 
matic section  of  the  gem- 
mule, showing  tlie  outer 
layer  of  amphidiscs  and  the 
inner  mass  of  cells  ;  c  One 
of  the  amphidiscs  seen  in 
profile. 
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In  the  second  or  sexual  method  of  reproduction,  certain  of  the  sponge- 
particles  or  "sarcoids"  separate  themselves  and  become  nucleolo-nuc- 
leated,  thus  constituting  ova.  At  the  same  time  other  sarcoids  become 
motionless,  and  their  contents  become  molecular,  and  are  finally  converted 
into  spermatozoa.  By  the  rupture  of  these,  and  by  the  consequent  contact 
of  the  different  elements  (fig.  24,  A),  embryos  are  produced,  which  are  at 
first  ciliated  and  move  about  freely,  becoming  eventually  stationary,  and 
developing  into  new  individuals. 

As  regards  tire  development  of  the  sponges,  the  impregnated  ovum  (fig. 
24,  A)  cleaves,  by  the  usual  process  of  "segmentation,"  into  a  mass  of 
primitive  cells,  sometimes  containing  centrally  a  primitive  and  temporary 
cavity  (fig.  24,  B).    These  cells  are  divisible  into  two  distinct  groups,  one 


Fig.  24. 


and  the  Pnmit.ve  opennig  >nto  the  bod^^^^^^  eciodermal  cells; 

C.  D,  E.  and  Fare  after  Metsch- 


nikoff.) 


Of  Which  ultimately  forms  the  external  layer  (.^^^^^f,^^^^^^^ 
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the  larva  (fig.  24,  C  and  D),  till  the  body  becomes  completely  invaginated 
upon  itself.  In  this  condition  (fig.  24,  E)  it  forms  what  Hseckel  terms  a 
"gastrula,"  and  consists  of  two  layers  of  cells,  an  outer  and  an  inner,  en- 
closing a  central  cavity,  which  communicates  with  the  outer  water  by  a 
single  primitive  opening.  This  aperture  is  formed  by  the  invagination 
of  the  body,  and  not  by  rupture  of  the  walls  of  the  central  cavity.  The 
skeleton  is  formed  in  the  ectodermal  layer,  and  the  primitive  opening  into 
the  body-cavity  becomes  finally  effaced.  In  its  further  development,  the 
young  sponge,  now  consisting  of  two  cellular  layers  surrounding  a  closed 
central  cavity  (fig.  24,  F),  fixes  itself  by  one  extremity  to  some  foreign 
object;  a  primitive  "osculum"  is  developed  at  the  free  extremity  of  the 
larva  ;  and  the  walls  become  perforated  with  numerous  small  apertures, 
which  ultimately  become  the  inhalant  openings  or  "pores"  of  the  adult. 
[It  should  be  added  that  the  account  of  the  development  of  the  Calci- 
spongicc  given  by  Haeckel  differs  in  some  points  very  materially  from  the 
above.  ] 

Classification  of  the  Sponges. — Various  systems  of  classification 
of  the  Sponges  have  been  proposed  by  Sir  Wyville  Thomson,  Hseckel, 
Gray,  Bowerbank,  and  other  observers,  and  the  first  mentioned  of  these 
naturalists  in  particular  has  given  an  excellent  arrangement  of  these  per- 
plexing organisms.  Without,  however,  entering  into  any  of  these  systems 
in  detail,  the  following  may  be  mentioned  as  being  the  principal  groups  of 
the  Sponges  : — 

I.  Calcareous  Sponges  (C«/(rflrm  or  Caldspoiigice) : — Spicules  calca- 
reous, generally  three-rayed,  stellate  [Grantia,  Sycoii). 

II.  Horny  Sponges  (Keratosa) : — Skeleton,  composed  of  horny,  matted, 
and  reticulated  fibres,  with  or  without  siliceous  spicules  in  addition  {Hali- 
chondria,  Spongilla,  Esperia,  Spongia,  &c.). 

HI.  Siliceous  Sponges  {Silicea  or  SilicispongicB)  : — Skeleton  com- 
posed of  flinty  fibres  or  spicules,  arranged  in  various  ways.  In  the  "Vitreous 
Sponges"  (Fi'/rm)  the  skeleton  is  composed  of  primitively  six-rayed  spicules, 
which  are  usually  fused  together  into  a  net-work  in  the  adult,  and  the 
sarcode  contains,  typically,  hexradiate  spicules  of  silica  as  well  {Ex.  Euplec- 
tclla,  Pheronema).  In  such  forms  as  Tethya  and  Geodia  (the  Radiantia") 
the  skeleton  consists  of  radiating  sheaves  of  long  siliceous  spicules,  which 
are  invested  by  a  cortical  layer.  Lastly,  in  Xenospongia,  the  sponge  forms 
a  disc  of  agglutinated  sand,  with  diverging  spicules  on  its  peripheiy,  and 
with  pencils  of  spicula  surrounding  the  oscula. 

IV.  MyxospongicE : — Sponge  destitute  of  either  a  homy  or  siliceous 
skeleton  {Halisarca). 

Distribution  of  Sponges  in  Space, — Sponges  are  almost 
exclusively  marine,  the  Spongillce  alone  being  inhabitants  of 
fresh  water ;  and  they  are  of  almost  universal  occurrence.  The 
sponges  of  commerce  are  mostly  obtained  from  the  Grecian 
Archipelago  and  the  Bahama  Islands.  The  common  marine 
sponges  are  mostly  found  attached  to  some  solid  object  between 
tide-marks  or  in  deep  water.  One  genus  {Cliona)  inhabits 
branching  cavities  in  shells,  which  the  sponge  excavates  for 
itself  apparently  by  means  of  its  siliceous  spicula,  and  fossil 
shells  mined  by  a  boring-sponge,  allied  to  the  recent  Clionce, 
are  found  from  the  Silurian  rocks  upwards.  The  vitreous  or 
siliceous  sponges  appear  to  be  exclusively  inhabitants  of  tlie 
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deeper  parts  of  the  ocean,  and  our  knowledge  of  these  beauti- 
ful forms  has  been  enormously  increased  during  late  years  by 
the  researches  into  the  fauna  of  the  deep  sea,  which  have  been 
carried  out  by  Sir  Wyville  Thomson,  Carpenter,  Sars,  and 
other  well-known  observers.  Much  also  has  been  added  to 
our  knowledge  of  the  Calcispongice  by  the  elaborate  investiga- 
tions of  Hseckel,  Oscar  Schmidt,  Metschnikoff,  and  others. 

Distribution  of  Sponges  in  Time. — Remains  of  sponges 
are  known  to  occur  in  formations  belonging  to  the  Palaeozoic, 
Mesozoic,  and  Kainozoic  epochs.  The  keratose  or  horny 
sponges  are  obviously  incapable  of  leaving  any  evidence  of 
their  existence,  otherwise  than  by  the  preservation  of  the 
spicula  with  which  the  skeleton  is  sometimes  furnished ;  and 
such  are  occasionally  found,  though  they  are  of  rare  occurrence. 
The  calcareous  sponges  are  found  from  the  Silurian  rocks 
upwards,  though  great  obscurity  still  rests  upon  the  true  nature 
and  affinities  of  many  of  the  fossils  which  have  been  referred 
to  this  group.  The  "  Vitreous  Sponges  "  are  known  to  occur 
in  the  Palaeozoic  period,  but  they  are  much  more  abundant  in 
the  Secondary  rocks,  and  they  attain  their  maximum  in  the 
Cretaceous  deposits,  where  they  are  represented  by  the  beauti- 
ful group  of  sponges  known  as  the  Ventriailitida. 

Affinities  and  Systematic  Position  of  the  Sponges. — 
Great  doubts  still  exist  as  to  the  real  relations  and  zoological 
place  of  the  sponges ;  and  though  placed  here  with  the  Rhizo- 
poda,  there  are  many  considerations  which  render  this  collo- 
cation objectionable.  The  opinions  of  naturahsts  in  this 
matter  are  still  unsettled,  and  the  whole  subject  is  a  very  com- 
plex one,  so  that  it  will  be  sufficient  to  simply  allude  to  one 
or  two  of  the  more  important  points  affecting  this  question. 
We  have  seen  that  each  sponge  may  be  regarded  as  an_  aggre- 
gate of  protoplasmic  masses  (sarcoids),  each  of  which  is  mor- 
phologically a  single  "cell."  This  fact  in  itself,  as  pointed 
out  by  Hseckel,  is  an  important  one,  for  the  typical  Rhizopod, 
such  as  Amceba,  is  to  be  looked  upon  as  morphologically  a 
single  cell  leading  an  independent  life,  and  singly  discharging 
all  the  functions  of  vitality.  Upon  this  ground,  as  well  as 
upon  weighty  developmental  grounds,  Haeckel  would  remove 
the  sponges  altogether  from  the  Protozoa,  and  would  place  them 
among  the  Cxlenterata.  On  the  other  hand,  the  individual 
"  sarcoid  "  of  a  sponge,  if  non-cihated,  presents  a  resemblance 
to  an  Ainoeba,  which  is  far  too  striking  to  be  overlooked; 
whilst  the  ciliated  sarcoids  present  an  equally  conspicuous 
similarity  to  the  Flagellate  Infusoria.  Indeed,  it  is  very  difti- 
cult  to  see  upon  what  classificatory  principle  those  sponges 
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(such  as  Halisarca)  which  have  no  skeleton  can  be  separated 
from  such  compound  Flagellate  Infusoria  as  Phalansterium. 
There  are  also  many  points  of  affinity  between  the  sponges 
and  the  Radiolaria.  These  considerations  appear  to  be  suffi- 
cient, in  the  meanwhile,  and  in  a  work  of  this  nature,  to  justify 
the  retention  of  the  Spongida  in  the  sub-kingdom  Protozoa,  in 
which  case  they  find  their  most  natural  position  in  or  close 
to  the  Rhizopoda.  It  is  to  be  remembered,  however,  that  they 
differ  from  the  other  Protozoa  and  agree  with  the  Coelenterata 
in  the  fact  that  the  adult  is  multicellular ;  that  the  ovum  breaks 
up  on  fecundation  into  a  mass  of  primitive  embryonic  cells  \ 
and  that  the  larva  passes  through  a  stage  ("gastrula"  stage)  in 
which  it  is  composed  of  an  outer  and  inner  cellular  layer,  en- 
closing a  central  cavity,  which  communicates  with  the  outer 
world  by  a  single  opening. 


CHAPTER  VI. 
INFUSORIA. 

The  Infusoria  of  many  writers  comprise  many  of  the  lowest 
forms  of  plants — such  as  the  Diatoms — together  with  the  Roti- 
fera,  a  class  of  minute  animals  now  known  to  belong  to  the 
Anmiloida.  By  modern  writers,  however,  the  term  Infusoria 
is  used  strictly  to  designate  those  Protozoa  which  possess  a 
mouth  and  rudimentary  digestive  cavity.  They  are,  for  this 
reason,  often  called  collectively  the  "  stomatode  "  Protozoa,  in 
contradistinction  to  the  remaining  members  of  the  sub-kingdom, 
which  are  all  "  astomatous."  The  so-called  "  suctorial "  Infu- 
soria {Acinetm),  however,  appear  to  have  no  definite  oral  aper- 
ture ;  and  the  same  is  the  case  with  the  parasitic  Opalina, 
though  there  is  great  doubt  as  to  the  propriety  of  placing  this  in 
the  Infusoria  at  all.  The  name  Infusoria  itself  is  derived  from 
the  fact  that  the  members  of  the  class  are  often  developed  in 
organic  infusions. 

The  Infusoria  or  Stomatode  Protozoa  may  be  defined  as  Pro- 
tozoa which  are  mostly  provided  with  a  mouth  and  rudimentary 
digestive  cavity,  which  do  not  possess  the  power  of  emitting  pseudo- 
podia,  but  which  are  furnished  with  vibratile  cilia,  or  with  con- 
tractile filaments.  They  are  mostly  microscopic  in  size,  the  sarcode 
is  differentiated  i?ito  a?i  ectosarc  and  an  endosarc,  and  a  nucleus  and 
contractile  vesicle  are  present. 
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Most  modern  writers  regard  the  Infusoria  as  strictly  speaking 
"unicellular"  animals,  each  of  the  simple  individuals  corre- 
sponding morphologically  to  a  single  cell.  Upon  this  view — 
which  is  by  no  means  free  from  difficulties — the  "  nucleus  "  of 
the  Infusorian  animalcules  really  corresponds  with  the  struc- 
ture known  by  the  same  name  in  an  ordinary  animal  or  vege- 
table cell. 

The  Infusoria  may  be  divided  into  three  orders  —  viz., 
Sudoria,  Ciliata,  and  Flagellata — of  which  the  second  comprises 
the  majority  of  the  members  of  the  class,  and  alone  requires 
much  consideration. 

I.  Order  Ciliata. — This  order  comprises  those  Infusoria 
in  which  the  outer  layer  of  the  body  is  more  or  less  abundajitly 
furnished  with  vibratile  cilia,  which  serve  either  for  locomotion 
or  for  the  procuring  of  food.  Besides  cilia,  properly  so  called, 
some  of  the  ciliated  Infusoria  are  provided  with  styles  or  jointed 
bristles,  which  are  movable,  and  subserve  locomotion ;  whilst 
others  have  little  hooks  or  uncini,  with  which  they  can  attach 
themselves  to  foreign  bodies.  As  types  of  the  order,  Paramoi- 
cium  and  Vorticella  may  be  selected,  the  former  being  free, 
whilst  the  latter  is  permanently  fixed  in  its  adult  condition. 

Paramoiciicm  (fig.  25,  ^r)  is  a  slipper-shaped  animalcule,  com- 
posed externally  of  a  structureless  transparent  pellicle  —  the 


Fig.  25. — Morphology  of  Infusoria :  a  Epistylis,  a  stalked  Infusorian ;  b  A  single 
calyx  of  the  same,  greatly  magnified,  showing  the  ciliated  disc  which  protrudes  at 
will,  and  the  ciliated  internal  cavity  into  which  the  particles  of  food  are  received. 
In  the  substance  of  the  body  are  the  contractile  vesicle  and  smaller  food  vacuoles. 
c  Diagrammatic  representation  of  ParaiuceciMu,  showing  the  funnel-shaped  gullet, 
the  nucleus  and  nucleolus,  food-vacuoles,  and  two  contractile  vesicles,  d  Aspidisca 
lynceus;  e  Peranema  globulosa,  a  flagellate  Infusorian. 

"  cuticle  " — which  is  lined  by  a  layer  of  firm  and  consistent  sar- 
code,  which  is  termed  the  "  cortical  layer,"  or  the  "  parenchyma 
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of  the  body,"  this  in  turn  passing  into  a  central  mass  of  softer 
and  more  diffluent  sarcode,  known  as  the  "  chyme-mass,"  or 
"  endoplasm."  The  cuticle  is  merely  the  structureless  hard- 
ened external  lamina  of  the  "  cortical  layer,"  and  it  may  in 
some  cases  form  a  regular  protective  sheath  ( Vaginicola),  a 
horny  shell  (Codonella),  or  even  a  reticulated  siliceous  enve- 
lope (as  in  DidyocystcC).  Beneath  the  "  cuticle  "  is  the  layer 
from  which  the  cilia  are  given  off,  and  below  that,  again,  is  a 
finely-striated  or  fibrillated  contractile  layer  ("  myophane  layer  " 
of  Haeckel),  which  corresponds  physiologically  to  the  muscles 
of  higher  animals.  In  some  Infusorians  there  is  a  still  more 
internal  lamina  of  the  "  cortical  layer,"  which  is  charged  with 
the  singular  little  organs  known  as  "  trichocysts."  These  are 
vesicular  microscopic  bodies,  capable  of  emitting  thread-like 
filaments,  doubtless  employed  by  the  animal  in  defence  and 
offence,  and  in  many  respects  closely  resembling  the  "  thread- 
cells  "  of  the  Ccele?iterata. 

The  "  cuticle "  in  ParamcEcium  is  covered  with  vibratile 
cilia  (fig.  26),  and  is  perforated  by  the  aperture  of  the  mouth. 


The  mouth  leads  into  a  funnel-shaped  gullet,  which  is  not 
continued  into  a  distinct  digestive  sac,  but  loses  itself  in  the 
soft  central  protoplasm.  On  the  line  of  boundary  between  the 
cortical  layer  and  the  diffluent  central  sarcode  are  placed  the 
"nucleus "  and  the  "contractile  vesicle"  (or  vesicles).  The 
^nucleus"  is  an  oval  body  (in  some  forms  band-shaped  or  rod- 
like), consisting  of  an  outer  membrane  enclosing  granular  con- 
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tents,  and  often  having  a  smaller  spherical  particle  applied  to 
its  exterior  or  immersed  in  its  substance.  This  latter  is  the 
so-called  ''nucleolus,"  which  must  be  carefully  distinguished 
from  the  nucleolus  of  a  cell,  which  occurs  in  the  interior  of  the 
nucleus.  The  contractile  vesicles  are  clear  spaces,  which  con- 
tract and  dilate  at  intervals,  and  occasionally  exhibit  radiating 
canals  passing  into  the  surrounding  sarcode.  Ordinarily  one 
contractile  vesicle  is  present,  or  at  most  two,  but  in  some  cases 
there  may  be  several.  It  has  also  been  maintained  that  the 
contractile  vesicles  communicate  with  the  exterior  of  the  body, 
but  proofs  are  wanting  on  this  point.  Whether  this  should 
ultimately  be  estabUshed  or  not,  there  can  be  little  doubt  but 
that  the  vesicles  are  a  rudimentary  form  of  vascular  apparatus. 
Others,  however,  hold,  with  some  probability,  that  the  contrac- 
tile vesicles  are  to  be  regarded  as  excretory  in  function,  and 
that  they  correspond  more  with  the  water-vascular  system  of  the 
Annuloida  than  with  the  true  blood-vascular  system  of  higher 
animals.  Certain  other  spaces  termed  "  vacuoles  "  are  gener- 
ally visible  in  addition  to  the  contractile  vesicles.  These, 
however,  are  probably  merely  collections  of  water  surrounding 
the  particles  of  ingested  food,  and  performing  with  them  a 
circulation  in  the  abdominal  cavity,  something  like  the  circu- 
lation of  granules  which  is  seen  in  certain  vegetable  cells.  It 
was  the  appearance  of  these  "vacuoles" — which  are  certainly 
not  permanent  organs  of  any  kind — which  induced  Ehrenberg 
to  term  the  Infusoria  the  "  Polygastrica,"  upon  the  belief  that 
the  vacuoles  were  so  many  stomachs. 

Paranioecium  obtains  its  food  by  means  of  the  currents  of 
water  which  are  set  up  by  the  constantly-vibrating  cilia.  The 
nutritive  particles  thus  brought  to  the  mouth  pass  into  the 
central  abdominal  cavity,  along  with  the  contents  of  which 
they  undergo  the  circulation  above  spoken  of.  Indigestible 
and  faecal  particles  appear  to  be  expelled  by  a  distinct  anal 
aperture,  which  is  situated  near  the  mouth. 

Reproduction  in  Faramcecium  may  be  effected  non-sexually, 
by  fission,  the  body  dividing  transversely  into  two  halves,  and 
the  process  of  cleavage  commencing  first  with  the  division  of 
the  nucleus  (fig.  26,  B).  Longitudinal  fission  is  also  stated  to 
occur  (fig.  26,  C)  j  but  it  is  questionable  whether  the  appear- 
ances which  have  led  to  this  statement  may  not  really  be  due 
to  the  coalescence  and  temporary  conjugation  of  two  indi- 
viduals. Most  authorities  further  believe  that  Faramo^cium 
has  the  power  of  true  sexual  reproduction,  the  "nucleus" 
playing  the  part  of  an  ovary  in  the  process,  and  the  "  nucle- 
olus "  acting  as  a  testis.    In  this  process,  as  described  by  Bal- 
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biani,  two  Paramacia  come  together,  and  adhere  closely  to 
one  another  by  their  ventral  surfaces.  The  "nucleus"  in- 
creases in  size,  and  a  number  of  ovules  are  formed  in  its  inte- 
rior. In  like  manner,  the  "  nucleolus  "  of  each  also  enlarges, 
and  develops  in  its  interior  a  number  of  fusiform  or  rod-like 
bodies,  which  are  believed  to  be  spermatozoa.  The  nucleolus 
of  each  then  passes  into  the  body  of  the  other,  the  act  of  trans- 
ference being  effected  through  the  mouth.  Contact  of  the  two 
reproductive  elements  then  takes  place,  and  the  fecundated 
ovules  after  their  liberation  from  the  body  of  the  parent  are 
developed  into  adult  Faramceda. 

Other  observers,  however,  are  disposed  to  believe  that  this 
"conjugation"  of  two  Paranmcia  is  not  a  genuine  sexual  pro- 
cess, that  the  "  nucleolus "  is  not  a  true  testis,  and  that  the 
rounded  bodies  into  which  the  "  nucleus "  breaks  up  can  be 
developed  into  new  individuals  directly  and  without  contact 
with  a  second  reproductive  element. 

Vorticella  (fig.  27,  c)  is  a  beautiful  flower-like  Infusorian  which  is  com- 
monly found  in  fresh  water,  adhering  to  the  stems  of  aquatic  plants.  It 
consists  of  a  bell-shaped  body  or  "calyx,"  supported  upon  the  extremity 
of  a  slender  contractile  stem  or  "pedicle."  The  other  extremity  of  the 
pedicle  is  fixed  to  some  foreign  body,  and  its  power  of  contraction  is  due 
to  the  presence  in  its  interior  of  a  spiral  contractile  fibre,  which  is  some- 
times called  the  "stem-muscle."  The  edge  of  the  bell  or  calyx  is  sur- 
rounded by  a  projecting  rim  or  border,  called  the  "  pei'istome,"  within 
which  is  a  circular  surface,  the  "disc,"  forming  the  upper  extremity  of 
the  so-called  "rotatory  organ.".  The  disc  is  surrounded  by  a  fringe  of 
vibratile  cilia,  forming  a  spiral  line  which  is  prolonged  into  the  commence- 
ment of  the  digestive  canal.  Near  the  edge  of  the  disc  is  situated  the 
mouth,  which  conducts  by  its  entrance  or  "vestibulum"  into  a  fusifonn 
canal  or  "pharynx,"  which  terminates  abmptly  in  the  abdominal  cavity. 
The  particles  of  food  are  taken  in  at  the  mouth,  descend  through  the  short 
alimentary  canal,  and  enter  the  abdominal  cavity,  where  they  are  subjected 
to  the  general  rotation  of  the  "  chyme-mass,"  being  finally  excreted  by  an 
anal  aperture  which  is  situated  near  the  mouth  and  within  the  vestibule. 
As  in  Paramoecium,  the  body  in  Vorticella  is  composed  of  an  outer  "cuticle," 
a  central  "  chyme-mass,"  and  an  intermediate  "cortical  layer,"  which  con- 
tains a  contractile  vesicle  and  a  band-like  nucleus. 

Reproduction  in  Vorticella  may  take  place  by  fission,  or  by  gemmation, 
or  by  a  process  of  encystation  and  endogenous  division.  In  the  first  of 
these  modes  the  calyx  becomes  indented  in  a  longitudinal  direction — viz., 
from  the  pedicle  to  the  disc  ;  and  the  groove  thus  formed  becomes  gradu- 
ally deeper  until  the  calyx  is  finally  divided  into  two  halves  supported 
upon  the  same  pedicle.  On  one  of  these  cups  a  "posterior"  circlet  of 
cilia  is  then  formed  in  addition  to  the  "anterior"  circlet  already  existing 
[j-e.,  a  fringe  of  cilia  is  developed  round  that  end  of  the  calyx  which  is 
nearest  the  attachment  of  the  pedicle  and  furthest  from  the  disc).  The 
cup  (fig.  27,  d),  thus  furnished  with  a  circlet  of  cilia  at  both  extremities,  is 
then  detached,  and  swims  about  freely.  Finally,  the  anterior  circlet  of 
cilia  disappears,  and  this  end  of  the  calyx  puts  forth  a  pedicle  and  becomes 
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attached  to  some  foreign  object.  A  new  mouth  is  now  formed  within  what 
was  before  the /^^Jtow  circlet  of  cilia;  so  that  the  position  and  function 
of  the  two  extremities  of  the  calyx  are  tlius  reversed. 

In  the  second  mode  of  reproduction— namely,  that  by  gemmation— 
exactly  the  same  phenomena  take  place,  with  this  single  difference,  that 
in  this  case  the  new  individual  is  not  produced  by  a  splitting  into  two  of 
the  adult  calyx,  but  by  means  of  a  bud  thrown  out  from  near  its  i)roximal 
extremity.  This  bud  is  composed  of  a  prolongation  of  the  cuticular  and 
cortical  layers  of  the  adult  with  a  ca;cal  diverticulum  of  the  abdominal 
cavity  or  chyme-mass.  It  soon  develops  a  posterior  circlet  of  ciha,  the 
connection  with  the  parent  is  rapidly  constricted  until  complete  separation 
is  effected,  and  then  the  process  differs  in  no  respect  from  that  described 
as  occurring  in  the  fissiparous  method  of  reproduction.  According  to 
Stein  and  Greeff,  however,  these  so-called  "buds  "  are  really  small  calyces, 
produced  by  fission  of  one  Vorticella  and  then  attaching  themselves  to  the 
outside  of  the  calyx  of  another  individual. 

In  the  third  mode  of  reproduction  the  Vorticella  encysts  itself  in  a  cap- 
sule, the  cilia  and  pedicle  disappear,  and  the  nucleus  breaks  up  into  a 
number  of  rounded  germs,  which  are  ultimately  liberated  by  the  rupture 
of  the  cyst,  and  after  a  short  locomotive  stage,  develop  themselves  into 
fresh  VorticellcB.  How  far  this  process  may  be  tnily  sexual  is  not  known, 
and  no  form  of  unequivocal  sexual  reproduction  has  hitherto  been  shoM'n 
to  occur  in  the  case  of  Vorticella. 

Epistylis  is  a  not  uncommon  form  of  fixed  Infusorian  which  is  nearly 
allied  to  Vorticella,  and  differs  chiefly  in  the  fact  that  the  pedicle  is  much 
branched,  and  rigid  and  not  contractile.  It  usually  occurs  in  the  form  of 
a  greyish-white  nap  on  the  stems  of  water-plants,  or  on  the  head  of  the 
common  water-beetle,  the  Dytisacs  marginalis.  It  consists  of  a  plant-like 
branching  and  re-branching  frond  (fig.  25,  a),  the  stems  of  which  are  quite 
transparent  and  faintly  striated,  but  are  not  contractile,  though  capable  of 
movement  from  side  to  side.  Each  branch  of  the  entire  colony  teiminates 
in  an  oval  calyx,  articulated  to  the  stem  by  a  distinct  joint,  upon  which  it 
can  move  from  side  to  side.  The  sarcode-body  enclosed  witliin  this  cortical 
layer  is  of  a  light-brown  colour,  and  full  of  minute  granules,  with  larger 
food-vacuoles  and  a  well-marked  contractile  vesicle,  which  contracts  and 
dilates  two  or  three  times  a  minute.  The  animal  can  retract  itself  entirely 
within  its  cup,  and  can  at  will  exsert  a  ciliated  disc. 

Carchesiuvi  is  another  form  which  is  like  Epistylis  in  consisting  of  a 
number  of  calyces  supported  upon  a  branched  pedicle,  but  differs  from  Epi- 
stylis and  agrees  with  Vorticella  in  the  fact  that  the  pedicle  is  contractile. 

Stentoj;  or  the  trumpet-animalcule  (fig.  27,  b),  is  another  common  In- 
fusorian which  is  closely  related  to  Vorticella.  It  consists  of  a  trumpet- 
shaped  calyx,  devoid  of  a  pedicle,  but  possessing  the  power  of  attaching 
and  detaching  itself  at  will.  When  detached  it  swims  by  means  of  the 
anterior  circlet  of  cilia,  just  as  the  calyx  of  Vorticella  will  if  broken  from 
its  stalk.  In  Vaginicola  (fig.  27,  a)  the  essential  structure  is  much  the 
same  as  in  Vorticella,  but  the  body  is  protected  by  a  membranous  or  homy 
case  ("carapace"  or  "lorica"),  which  is  i^ormed  by  a  hardening  of  the 
cuticle,  and  within  which  the  animal  can  retire. 

II.  Order  Suctoria.— This  order  includes  a  series  of  In- 
fusoria  of  a  very  anomalous  nature.  In  Aciiieta  or  in  Podo- 
phrya  (fig.  28,  A),  which  may  be  taken  as  types,  the  body  is 
provided  with  a  number  of  radiating  filamentous  tubes,  which 
are  furnished  at  their  extremities  with  suctorial  discs,  and  are 
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capable  both  of  exsertion  and  retraction.  These  retractile 
tubes  both  seize  the  prey  and  serve  as  vehicles  for  the  ingestion 
of  food  :  hence  the  term  "  polystome,"  or  many-mouthed,  has 


Fig.  27. — a  Vaginicola  crysiallina',  I  Stenior  Miilleri;  c  Group  of  Vorticella  ; 
d  Detached  bud  of  Vorticella,  showing  the  posterior  circlet  of  cilia. 

been  proposed  for  the  order  by  Professor  Greene.  A  nucleus 
and  one  or  more  contractile  processes  are  present,  but  they 
possess  no  ciHa  in  their  adult  condition,  and  the  body  is  fixed 
to  some  foreign  object  by  a  stalk-like  extension  of  the  cortical 
layer, 

III.  Order  Flagellata. — This  order  comprises  those  In- 
fusoria which,  like  Peridinium,  find  their  means  of  locomotion 
in  long,  flexible,  lash-like  filaments,  termed  "flagellaj"  ciha 
occasionally  being  present  as  well.  In  some,  as  in  Peraneina 
(fig.  25,  e),  and  in  the  Monads  (fig.  28,  B),  there  is  only  a  single 
one  of  these  appendages  ;  in  others,  as  in  Anisonema^  there  are 
two  flagella  ;  whilst  vsx  Heteromastix  (fig.  28,  G)  and  Pleiiroiiema 
we  have  forms  apparently  transitional  between  the  Ciliata  and 
the  Flagellata,  since  both  cilia  and  flagella  are  present  in  these 
genera.  In  all  their  other  essential  characters  the  flagellate 
Lifusoria  do  not  differ  from  the  more  typical  members  of  the 
class,  with  which  they  agree  in  possessing  a  cuticle,  a  firm  cor- 
tical layer,  and  a  soft  granular  central  parenchyma,  whilst  they 
possess  a  nucleus  and  one  or  more  contractile  vesicles.  They 
have,  however,  the  peculiarity  that,  in  many  cases  at  any  rate, 
the  base  of  the  flagellum  is  surrounded  by  a  cup-like  or  cylin- 
drical membranous  collar,  which  can  be  retracted  at  will. 
Many  also  (as  Euglena,  Astasia,  Hderomastix)  possess  the  sin- 
gular brightly-coloured  mass  of  pigment  which  is  known  as  the 
"  eye-spot,"  and  which  may  possibly  be  a  species  of  sense- 
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organ  (fig.  28).  In  one  singular  form  {Phalaiisteriwn  intes- 
imale),  the  organism  consists  of  numerous  zooids,  each  with  a 


Fig.  28. — Suctorial  and  Flagellate  Infusoria.  A,  Podoplirya;  B,  Cercomonas  tnvicata  ; 
C,  Moims  neglectn  ;  T},E7i!^lcua  snngm'nen  ;  ^,Codosiga  pukhernma;  Astasia 
trichopltora  ;  G,  H eteromastix  proteifonnis  ;  f  Flagellum  ;  ni  Collar  at  the  base  of 
the  flagellum  ;  c  Contractile  vesicle  ;  n  Nucleus ;  e  Eye-spot.  (After  Pritchard, 
Ehrenberg,  and  James-Clark.} 


single  flagellum  and  projecting  membranous  collar,  enveloped 
basally  in  slimy  sarcode,  so  as  to  form  a  cylindrical  colony. 

Another  remarkable  animalcule  now  usually  referred  to  this 
group  is  Noctiluca,  which  occurs  abundantly  in  most  oceans, 
and  to  which  much  of  the  phosphorescence  of  the  sea  is  due.* 
It  is  of  large  size  and  spherical  in  form,  with  an  indentation  or 
"  hilum  "  at  one  side,  where  the  mouth  is  situated,  and  beside 
which  is  fixed  a  single  long  flagellum.  The  body  consists  of 
a  central  vacuolated  mass  of  protoplasm,  surrounded  by  a 

*  The  diffused  luminosity  of  the  sea  is  mainly  due  to  the  Noctiluca 
niiliaris ;  but  its  partial  luminosity  is  due  to  various  phosphorescent  ani- 
mals, amongst  which  are  the  Physalia  uirictdus  (the  Portuguese  man-of- 
war),  Medusa,  Tunicata,  Annelid'es,  &c.  The  cause  of  phosphorescence  is 
variously  stated,  it  being  supposed  very  generally  to  be  the  result  of  a  pro- 
cess of  slow  combustion  analogous  to  that  which  takes  place  in  phosphorus 
when  exposed  to  the  atmosphere.  Upon  the  whole,  however,  it  appears 
that  the  phenomenon  is  a  vital  process,  consisting  essentially  in  the  conver- 
sion of  nervous  force  (or  vital  energy)  into  light ;  just  as  the  same  force 
can  be  converted  by  certain  fishes  into  electricity.  This  transformation 
appears  generally  to  require  a  special  apparatus  for  its  production. 
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superficial  layer,  and  in  turn  invested  by  a  thin  cuticle.  The 
superficial  layer  is  connected  with  the  central  protoplasmic 
parenchyma  by  numerous  radiating,  branched,  and  anastomos- 
ing filaments  of  sarcode.  The  luminosity  appears  to  reside  in 
nucleated  cellular  bodies  in  the  outer  layer  of  the  central  pro- 
toplasm— that  is  to  say,  in  the  peripheral  layer  of  sarcode  im- 
mediately below  the  cuticle. 

Distribution  of  the  Infusoria  in  Space  and  in  Time. — 
The  Infusoria  have  at  the  present  day  an  almost  universal  dis- 
tribution, being  found  in  all  collections  of  fresh  and  salt  water, 
where  decaying  organic  matter  is  present,  and  where  the  other 
conditions  of  life  are  favourable.  A  few  are  parasites  in  the 
interior  of  other  animals  {Opalina),  but  the  true  affinities  of 
these  is  doubtful.  Owing  to  the  fact  of  their  generally  wanting 
any  hard  structures  which  could  have  been  preserved  in  a  fossil 
condition,  no  true  Infusoria  *  can  be  said  with  certainty  to  have 
existed  in  former  periods  of  the  earth's  history,  though  they 
have  doubtless  abounded  in  past  time  as  now.  The  only  pos- 
sible exceptions  to  this  statement  are  certain  microscopic 
bodies  which  occur  in  the  Chalk-flints,  and  which  Ehrenberg 
considered  to  be  the  protective  carapaces  of  Peridiniicm  and 
allied  forms  of  Flagellate  Infusoria. 
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CHAPTER  VII. 

THE  SUB-KINGDOM  CCELENTERATA, 

I.  Characters  of  the  Sub -Kingdom.  2.  Divisions, 
3.  General  Characters  of  the  Hydrozoa.  4.  Ex- 
planation OF  Technical  Terms. 

The  Sub-kingdom  Coelenterata  (Frey  and  Leuckhart)  may  be 
considered  as  a  modern  representative  of  the  Radiata  of 
Cuvier.  From  the  Radiata,  however,  the  Echinodermata  and 
Scolecida  have  been  removed  to  form  the  Annuloida,  the  entire 
sub-kingdom  of  the  Protozoa  has  been  taken  away,  and  the 
Polyzoa  have  been  relegated  to  their  proper  place  amongst  the 
Mollusca.  Deducting  these  groups  from  the  old  Radiata, 
the  residue,  comprising  most  of  the  animals  commonly 4nown 
as  Polypes  or  Zoophytes,  remains  to  constitute  .the  modern 
Coelenterata. 

The  Coelenterata  may  be  defined  as  animals  whose  alitnejitary 
canal  communicates  freely  with  the  ge?ieral  cavity  of  the  body 
("  somatic  cavity  ").  The  substance  of  the  body  is  made  np  of 
two  fundamental  membranes — an  outer  layer,  calltd  the  "  ecto- 
derm^^  and  an  inner  layer,  or  "  endoder7?i"  There  are  no 
distinct  jicural  and  hcemcil  regions,  and  in  the  great  majority  of 
the  members  of  the  sub-ki7igdom  there  are  no  traces  of  a  nervous 
system.  Peculiar  urticating  organs,  or  "  thread-cells,"  are  usually 
present ;  and,  generally  speaking,  a  radiate  cotiditiofi  of  the  organs 
is  perceptible,  especially  in  the  teiitacles  with  which  most  are 
provided.  In  all  the  Coelenterata  distinct  reproductive  organs  have 
been  shown  to  exist. 

The  leading  feature  which  distinguishes  the  Calenterata,  and 
the  one  from  which  the  name  of  the  sub-kingdom  is  derived,  is 
the  peculiar  structure  of  the  digestive  system.  In  the  Protozoa, 
as  we  have  seen,  a  mouth  is  only  present  in  the  higher  forms, 
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and  in  no  case  is  there  any  definite  internal  cavity  bounded  by 
the  walls  of  the  body  to  which  the  name  of  "  body-cavity  "  or 
"  somatic  cavity "  could  be  properly  applied  (unless  it  be 
allowed  that  such  really  exists  in  the  sponges).  In  animals 
higher  than  the  Ccelenterata,  on  the  other  hand,  there  is  not 
only  generally  a  permanent  mouth,  but  the  walls  of  the  body 
usually  enclose  a  permanent  chamber  or  "  body-cavity."  Fur- 
ther in  most  cases,  the  mouth  conducts  into  an  alimentary 
canal,  which  is  always  distinct  from  the  body-cavity,  never 
opening  into  it,  but  usually  passing  through  it  to  open  on  the 
surface  by  another  distinct  aperture  (the  anus).  In  most  cases, 
therefore,  the  alimentary  canal  is  a  tube  which  communicates 
with  the  outer  world  by  two  apertures — a  mouth  and  anus— 
but  which  simply  passes  through  the  body-cavity  without  in 
any  way  communicating  with  it.    In  the  Cxlenterata  (fig.  29) 


Fig.  29. — Diagrammatic  vertical  section  of  a  Sea-Anemone,  a  Mouth  ;  j  Stomach ; 
b  Body-caviiy  ;  c  c  Convoluted  cords  ("  craspeda  ")  containing  thread-cells,  and  form- 
ing the  free  edges  of  the  mesentery  (vt)  ;  t,  t  Tentacles  ;  o  Keproductive  organ  con- 
tained within  the  mesentery.  The  ectoderm  {e)  is  indicated  by  the  broad  e.vternal 
line,  the  endoderm  (e')  by  the  thin  line  and  the  space  between  that  and  the  ectoderm. 

there  is  an  intermediate  condition  of  parts.  There  is  a  distinct 
and  permanent  mouth,  and  a  distinct  and  permanent  body- 
cavity,  but  the  mouth  opens  into,  and  communicates  freely 
with,  the  body-cavity.  In  some  cases  {Hydrozod)  the  mouth 
opens  directly  into  the  general  body-cavity,  which  then  serves 
as  a  digestive  cavity  as  well  (fig.  31).  In  other  cases  there 
intervenes  between  the  mouth  and  the  body-cavity  a  short 
alimentary  tube,  which  communicates  externally  with  the  outer 
world  through  the  mouth,  and  opens  below  by  a  wide  aperture 
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into  the  general  cavity  of  the  body  {Adhtozoa,  fig.  29).  In  no 
case  IS  there  a  distinct  intestinal  canal  which  runs  through  the 
body  and  opens  on  the  surface  by  a  mouth  at  one  end  and  an 
excretory  aperture  or  anus  at  the  other.  It  should,  however, 
be  mentioned  here  that  some  modern  zoologists,  such  as  Gegen- 
baur  and  Haeckel,  consider  that  the  entire  system  of  internal 
cavities  in  any  Calenterate  is  truly  homologous  with  the  intes- 
tinal canal  of  other  animals,  and  that  the  Ccele^iterata,  therefore, 
possess  n  o  true  body-cavity  at  all.  To  this  view  some  of  our  most 
distinguished  authorities,  such  as  Professor  Allman,  have  given 
their  adhesion,  and  there  is  no  doubt  that  there  are  weighty 
grounds  for  regarding  it  as  the  correct  explanation  of  the  facts, 
though  any  discussion  of  these  grounds  would  be  out  of  place 
here.  It  need  only  be  added  that  if  this  view  be  accepted,  it 
will  entirely  subvert  the  generally  received  conception  of  the 
structure  of  the  Ccelenteraia  as  above  expressed. 

Though  of  the  true  "  radiate  "  type,  some  Coelenterates  show 
traces  of  bilateral  symmetry.  Thus,  in  some  Sea-anemones  one 
of  the  tentacles  is  larger  than,  or  differently  coloured  from,  the 
others ;  and  in  some  corals  two  of  the  primary  septa,  opposite 
one  another,  are  larger  than  the  rest,  and  divide  the  animal  into 
two  halves. 

With  regard  to  the  fundamental  tissues  of  the  Coelenterata^ 
there  exist  two  primary  membranes,  of  which  one  forms  the 
outer  surface  of  the  body,  and  is  called  the  "  ectoderm ; " 
whilst  the  other  lines  the  alimentary  canal,  the  general  cavity 
of  the  body,  and  the  tubular  tentacles,  and  is  termed  the 
"  endoderm."  These  membranes  correspond  with  the  primi- 
tive serous  and  mucous  layers  of  the  germinal  area,  and  become 
differentiated  in  opposite  directions,  the  ectoderm  growing 
from  within  outwards,  the  endoderm  from  without  inwards. 
Each  is  primitively  cellular  in  its  minute  structure,  and  each 
may  be  rendered  more  or  less  complex  by  vacuolation  or  fibril- 
lation. Between  the  ectoderm  and  endoderm  there  is  some- 
times a  third  layer,  which  appears  to  be  muscular. 

In  connection  with  the  integument  of  the  Cailenterata,  the 
organs  termed  "thread-cells"  ("  cnidse,"  or  "  nematocysts ") 
must  be  noticed.  These  are  peculiar  cellular  bodies,  of  various 
shapes,  which  probably  serve  as  weapons  of  offence  and  de- 
fence, and  which  communicate  to  many  members  of  the  sub- 
kingdom  {e.g.,  the  Sea-blubbers)  their  well-known  power  of 
stinging.  In  the  common  Hydra  the  thread-cells  (fig.  30)  con- 
sist of  "  oval  elastic  sacs,  containing  a  long  coiled  filament, 
barbed  at  its  base,  and  serrated  along  its  edges.  When  fully 
developed  the  sacs  are  tensely  filled  with  fluid,  and  the  slightest 


CCELENTERATA :  HYDROZOA. 


lOI 


touch  is  sufficient  to  cause  the  retroversion  of  the  filament, 
which  then  projects  beyond  the  sac  for  a  distance,  which  is  not 
uncommonly  equal  to  many  times  the  length  of  the  latter  "  * 
(Huxley).  Many  beautiful  modifications  of 
shape  are  known  in  the  thread-cells  of  difi"erent 
Coelenterates,  but  their  essential  structure  in  all 
cases  is  much  the  same  as  in  the  Hydra.  It  is 
only  in  few  cases,  comparatively  speaking,  that 
the  thread-cells  have  the  power  of  piercing  and 
irritating  the  human  skin  ;  but  even  in  the  dim- 
inutive Hydra  it  is  probable  that  they  exercise 
some  benumbing  and  deleterious  influence  on 
the  living  organisms  which  may  be  captured  as 
prey.  Besides  the  thread- cells,  the  tentacles  of 
some  Hydroids  are  furnished  with  rigid  hair- 
like processes,  which  are  probably  tactile  in  func- 
tion, and  which  are  known  as  "  palpocils."  The  Fig.  30.  —  Thread- 
CcelenierataaxQ  divided  into  two  classes,  termed  ^^i,  ^udT  i^g- 
respectively  the  Hydrozoa  and  the  Actinozoa.  nifie'd. 


Class  I.  Hydrozoa. 

The  Hydrozoa  are  defined  as  Coelenteraia  in  which  the  walls 
of  the  digestive  sac  are  not  separated  fi'oin  that  of  the  general 
body-cavity,  the  two  coinciditig  with  one  another ;  the  rep7'oductive 
organs  are  in  the  forfn  of  external  processes  of  the  body-wall. 
(Fig- 31,  B.) 

It  follows  from  the  above,  that,  smce  there  is  but  a  single 
internal  cavity,  the  body  of  a  Hydrozoon  on  transverse  section 
appears  as  a  single  tube,  the  walls  of  which  are  formed  by  the 
limits  of  the  combined  digestive  and  somatic  cavity. 

The  Hydrozoa  are  all  aquatic,  and  the  great  majority  are 
marine.  The  class  includes  both  simple  and  composite  organ- 
isms, the  most  famihar  examples  being  the  common  Fresh-water 
Polype  (Hydra),  the  Sea-firs  {Serttilarida),  the  Jelly-fishes 
{Medusce),  and  the  Portuguese  man-of-war  [Physalia). 

Owing  to  the  great  difficulty  which  is  ordinarily  experienced  by  the  stu- 
dent in  mastering  the  details  of  this  class  of  animals,  it  has  been  thought 
advisable  to  introduce  here  a  short  explanation  of  some  of  the  technical 
terms  which  are  in  more  general  use  in  describing  these  organisms. 


*  Thread-cells,  though  very  commonly,  if  not  universally,  present  in  the 
Calenterata,  are  nevertheless  not  peculiar  to  them.  Similar  organs  have 
been  shown  to  exist  in  several  of  the  Nudibranchiate  Mollusca,  as  well  as 
in  some  Annelides  {Spio  seticornis) .  There  likewise  exist  analogous  organs 
(trichocysis)  in  several  of  the  Infusoria,  and  in  the  Plananda. 
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General  Terminology  of  the  Hydrozoa. 

Individual.— We  have  already  seen  {see  Introduction)  that  the  term  "in- 
dividual, in  Its  zoological  sense,  must  be  restricted  to  "  the  entire  result 
ot  the  development  of  a  single  fertilised  ovum,"  and  that  in  this  sense  an 
individual  may  either  be  simple,  like  an  Amaba,  or  may  be  composite,  like 
a  bponge,  which  is  produced  by  an  aggregation  of  amoebiform  particles 
It  all  the  parts  composing  an  individual  remain  mutually  connected  its 
development  is  said  to  be  "continuous  ;  "  but  if  any  of  these  parts  become 
separated  as  independent  beings,  the  case  becomes  one  of  "  discontinuous  " 


Fig.  31. — A,  The  common  Hydra  {Hydra  vtilgaris),  ca.rry\ng  young //y^'ns  which  it 
has  produced  by  budding,  considerably  magnified  (after  Hincks).  B,  Diagrammatic 
section  of  the  Hydra,  showing  the  mouth  surrounded  by  the  tentacles,  and  the  disc 
of  attachment ;  the  dark  and  light  lines  indicate  the  two  layers  of  the  integument, 
and  on  one  side  of  the  body  is  shown  a  single  large  egg. 


development.  We  have  seen,  also,  that  however  long  zooidal  multiplica- 
tion may  go  on,  there'ultimately  arrives  in  the  history  of  every  individual 
a  period  at  which  sexual  reproduction  must  be  called  in  to  insure  the  per- 
petuation of  the  species  throughout  time.  This  truth  is  expressed  by  Steen* 
strup's  celebrated  law  of  the  "  alternation  of  generations." 

Amongst  the  Hydrozoa,  the  individual  may  be  either  simple  or  compound, 
and  the  development  may  be  either  continuous  or  discontinuous,  the  fil- 
lowing  terms  being  employed  to  denote  the  phenomena  which  occur. 

Hydrosotna. — This  is  the  term  which  is  employed  to  designate  the  entire 
body  of  a  Hydrozoon,  whether  it  be  simple,  as  in  the  Hydra,  or  composite, 
as  in  a  Serhdarian. 

Polypiie.  —The  alimentary  region  of  a  Hydrozoon  is  called  a  polypite  :  " 
the  term  "polype"  being  now  restricted  to  the  same  region  in  the  Aciiii- 
ozoa.    In  the  simple  Hydrozoa  the  entire  organism  may  be  called  a  "poly- 
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pite  ;  "  but  the  term  is  more  appropriately  applied  to  the  separate  mitritive 
factors  which  together  make  up  a  compound  Hydrozo  'dn.  By  Professor  All- 
man  the  term  "hydranth"  is  used  in  preference  to  "poly pite." 

Distal  and  Proximal— are  terms  applied  to  different  extremities 
of  the  hydrosoma.  It  is  found  that  one  extremity  grows  more  quickly  than 
the  other,  and  to  this  free-growing  end— at  which  the  mouth  is  lusually 
situated— the  term  "distal "  is  applied.  To  the  more  slowly  growing  end 
of  the  hydrosoma— which  is  at  the  same  time  usually  the  fixed  end — the 
term  "proximal"  is  applied.  These  terms  may  be  used  either  in  relation 
to  a  single  polypite  in  the  compound  Hydrozoa,  or  to  the  entire  hydrosoma, 
whether  simple  or  compound, 

Hydrorhiza. — This  term  is  applied  to  that  portion  of  the  proximal  end 
of  a  Hydroid  colony  by  which  it  is  attached  to  some  foreign  body. 

Cmiosarc. — This  is  the  term  which  is  employed  to  designate  the  common 
trunk,  which  unites  the  separate  polypites  of  any  compound  Hydrozoon  into 
a  single  organic  whole. 

Polypary. — The  term  "polypary"  or  "polypidom"  is  applied  to  the 
horny  or  chitinous  outer  covering  or  envelope  with  which  many  of  the 
Hydrozoa  are  furnished.  These  terms  have  also  not  uncommonly  been 
applied  to  the  very  similar  structures  produced  by  the  much  more  highly 
organised  Sea-mats  and  their  allies  (Polyzoa),  but  it  is  better  to  restrict 
their  use  entirely  to  the  Hydrozoa.  By  Professor  Allman  the  term  "peri- 
sarc"  is  given  to  the  chitinous  investment  by  which  the  soft  parts  of  the 
Hydrozoa  are  often  protected. 

Zodids. — In  continuous  development  the  partially  independent  beings 
which  are  produced  by  gemmation  or  fission  from  the  primitive  organism,  to 
which  they  remain  permanently  attached,  are  termed  "zooids."  In  other 
words,  "zooids"  are  the  more  or  less  individualised  members  of  which  the 
Hydroid  colony  is  made  up. 

In  discontinuous  development,  where  certain  portions  of  the  "indivi- 
dual" are  separated  as  completely  independent  beings,  these  detached 
portions  are  likewise  termed  "zooids;"  that  which  is  first  formed  being 
distinguished  as  the  "  producing  zooid,"  whilst  that  which  separates  from 
it  is  known  as  the  "produced  zooid."  In  a  great  number  oi  Hydrozoa 
there  exist  two  distinct  sets  of  zooids,  one  of  which  is  destined  for  the  nu- 
trition of  the  colony,  and  has  nothing  to  do  with  generation,  whilst  the 
fimctions  of  the  other,  as  far  as  the  colony  is  concerned,  are  wholly  repro- 
ductive. For  the  whole  assemblage  of  the  nutritive  zodids  of  a  Hydrozodn 
Professor  Allman  has  proposed  the  term  * '  trophosome, "  applying  the 
term  "gonosome"  to  the  entire  assetnblage  of  the  reproductive  zodids.  In 
such  Hydrozoa,  therefore,  as  possess  these  two  distinct  sets  of  zooids,  the 
"  individual,"  zoologically  speaking,  is  composed  of  a  trophosome  and  a 
gonosome.  It  follows  from  this  that  neither  the  trophosome  nor  the  gono- 
some, however  apparently  independent,  and  though  endowed  with  intrinsic 
powers  of  nutrition  and  locomotion,  can  be  looked  upon  as  an  "  individual," 
in  the  scientific  sense  of  this  term.  As  a  rule,  the  zooids  of  the  trophosome 
are  all  like  one  another,  or  are  "  homomorphic  ;  "  but  there  are  some  cases 
(as  in  Hydractinia,  and  in  the  nematophores  of  the  Plumnlaridcs)  in  which 
some  of  the  zooids  of  the  trophosome  are  unlike  the  others.  The  zodids  of 
the  gonosome,  on  the  other  hand,  are  normally  unlike,  or  are  "  hetero- 
morphic,"  consisting  of  two  or  three  different  sets  of  zooids,  each  with  its 
special  duty  in  the  generative  functions  of  the  Hydroid  colony. 
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CHAPTER  VIIL 

Jdtvtsions  of  the  hydro zo a. 

Sub-class  Hydroida.* 

The  Hydrozoa  are  divided  into  six  sub-classes — viz.,  the  Hy- 
droida,  the  Siphonophora,  the  Luceniarida,  the  Discophora,  the 
GraptolitidcB,  and  the  Hydrocorallina. 

Sub-class  I.  Hydroida.— This  sub-class  comprises  those 
Hydrozoa  which  consist  of  an  alimentary  region  or  " polypite,'' 
which  is  provided  with  an  adheretit  disc,  or  "  hydrorhiza"  and 
prehensile  tentacles. 

In  some  few  cases  the  hydrosoma  is  composed  of  a  single 
polypite  only,  as  in  the  Hydrida  and  in  some  of  the  Coryjiida; 
but  usually  there  are  several  polypites  united  together  by  means 
of  a  common  trunk  or  "  coenosarc,"  as  in  most  of  the  Corynida 
and  in  the  orders  Sertularida  and  Campanularida.  Further, 
in  the  great  majority  of  cases  the  "  hydrorhiza  "  is  permanently 
attached  to  some  foreign  object. 

The  Hydroida  comprises  five  orders — viz.,  the  Hydrida,  the 
Cory?iida,  the  Sertularida,  the  Campanularida,  and  the  The- 
comeduscB. 

Order  I.  ^\T)-RiT)K{Eleutheroblastea,  K\\m3.n;  Gynmochroa, 
Hincks). — This  order  comprises  those  Hydrozoa  whose  ^^hydro- 
soma "  consists  of  a  single  locomotive  polypite,  with  teiitacles  and 
'■^hydrorhiza"  and  with  reproductive  organs  zuhich  appear  as 
simple  external  processes  of  the  body- wall.  The  hydrorhiza  is 
discoid,  and  no  hard  aiticular  layer  is  at  any  time  developed. 

The  order  Hydrida  comprises  a  single  genust  only  {Hydra), 
including  the  various  species  of  "  Fresh-water  Polypes,"  as 
they  are  often  called.  The  common  Hydra  (fig.  31,  A)  is 
found  abundantly  in  this  country,  and  consists  of  a  tubular 
cylindrical  body,  the  "  proximal  "  extremity  of  which  is  ex 
panded  into  an  adherent  disc  or  foot — the  "  hydrorhiza  " — by 
means  of  which  the  animal  can  attach  itself  to  some  foreign 

*  For  full  details  as  to  the  morphology  and  physiology  of  the  Hydroid 
Zoophytes,  the  student  should  refer  to  the  magnificent  '  Monograph  of  the 
Gymnoblastic  Hydroids,'  by  Professor  Allman  (Ray  Society).  The  student 
may  also  consult  the  excellent  '  History  of  British  Hydroid  Zoophytes,'  by 
the  Rev.  Thomas  Hincks. 

+  If  the  Protohydra  of  Greeffbe  a  mature  form,  it  also  belongs  to  this 
order.  It  differs  from  Hydra  in  having  no  tentacles,  but  it  seems  more 
probably  to  be  the  larva  of  some  other  Hydroid. 
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body.  It  possesses,  however,  the  power  of  detaching  the 
hydrorhiza  at  will,  and  thus  of  changing  its  place.  At  the 
opposite  or  "distal"  extremity  of  the  body  is  placed  the 
mouth,  surrounded  by  a  circlet  of  tentacles,  which  arise  a 
little  distance  below  the  margin  of  the  oral  aperture.  The 
tentacles  vary  in  number  from  five  to  twelve  or  more,  and 
they  vary  considerably  in  length  in  different  species,  being 
much  shorter  than  the  body  in  the  Hydra  viridis  (fig.  32,  b\ 


Fig.  32. — Morphology  of  Hydrida.  a  Diagrammatic  section  of  Hydra.  The  dark 
line  is  the  ectoderm,  the  fine  line  and  clear  space  adjacent  are  the  endoderm.  /' 
Hydra  viridis,  showing  a  single  ovum  contained  in  the  body-wall  near  the  proximal 
extremity,  and  two  elevations  containing  spermatozoa  near  the  bases  of  the  tentacles  ; 
c  Hydra  vidgaris,  with  an  undetached  bud  ;  d  Thread  cell  of  the  Hydra,  greatly 
magnified. 

but  being  extremely  long  and  filamentous  in  Hydra  fusca. 
They  are  highly  extensile  and  contractile,  and  serve  as  organs 
of  prehension,  being  capable  of  retraction  till  they  appear  as 
nothing  more  than  so  many  warts  or  tubercles,  and  of  being 
extended  to  a  length  which  is  in  some  species  many  times 
longer  than  the  body  itself.  ■  (In  the  Hydra  fusca  the  tentacles 
can  be  protruded  to  a  length  of  more  than  eight  inches.)  Each 
consists  of  a  prolongation  of  both  ectoderm  and  endoderm, 
enclosing  a  diverticulum  of  the  somatic  cavity,  and  they  are 
abundantly  furnished  with  thread-cells.  The  cylindrical  hydro- 
soma  (fig.  32,  a)  is  excavated  into  a  single  large  cavity,  lined 
by  the  endoderm,  and  communicating  with  the  exterior  by  the 
mouth.  This  —  the  "somatic  cavity" — is  the  sole  digestive 
cavity  with  which  the  Hydra  is  provided,  the  indigestible  por- 
tions of  the  food  being  rejected  by  the  mouth. 

The  Hydra  possesses  a  most  extraordinary  power  of  resist- 
ing mutilation,  and  of  multiplying  artificially  when  mechani- 
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cally  divided.  Into  however  many  pieces  a  Hydra  may  be 
divided,  each  and  all  of  these  will  be  developed  gradually  into 
a  new  and  perfect  polypite.  The  remarkable  experiments  of 
Trembley  upon  this  subject  are  well  known,  and  have  been 
often  repeated,  but  space  will  not  permit  further  notice  of 
them  here.  Reproduction  is  effected  in  the  Hydra  both 
asexually  by  gemmation,  and  sexually  — the  former  process 
being  followed  in  summer,  and  the  latter  towards  the  com- 
mencement of  winter,  few  individuals  surviving  this  season. 
In  the  first  method  the  Hydra  (fig.  31,  A)  throws  out  one  or 
more  buds,  generally  from  near  its  proximal  extremity.  These 
I  buds  at  first  consist  simply  of  a  tubular  prolongation  of  the  • 

j  ectoderm  and  endoderm,  enclosing  a  csecal  diverticulum  of  the 

body-cavity  ;  but  a  mouth  and  tentacles  are  soon  developed, 
when  the  new  being  is  usually  detached  as  a  perfect  independ- 
ent Hydra.  The  Hydrcz  thus  produced  throw  out  fresh  buds, 
often  before  they  are  detached  from  the  parent  organism,  and 
in  this  way  reproduction  is  rapidly  carried  on. 

In  the  second  or  sexual  mode  of  reproduction,  ova  and 
spermatozoa  are  produced  in  outward  processes  of  the  body- 
wall  (fig.  32,  b).  The  spermatozoa  are  developed  in  little 
conical  elevations,  which  are  produced  near  the  bases  of  the 
tentacles,  and  the  ova  are  enclosed  in  sacs  of  much  greater 
size,  situated  nearer  the  fixed  or  proximal  extremity  of  the 
animal.  Ordinarily  there  is  but  one  of  these  sacs  containing 
a  single  ovum,  but  sometimes  there  are  two.  When  mature, 
the  ovum  is  expelled  through  the  body-wall,  and  is  fecundated 
\  by  the  spermatozoa,  which  are  simultaneously  liberated.  The 

primitive  body-cavity  of  the  non-ciliated  embryo  is  ultimately 
placed  in  communication  with  the  outer  world  by  the  forma- 
tion of  the  mouth,  which  is  produced  directly  as  an  opening  in 
the  walls  of  the  body,  and  not  by  invagination  of  the  ectoderm. 

Order  II.  Corvnida  {Gyvmoblastea,  Allman ;  At/iecata, 
Hincks).  —  The  order  Corynida  comprises  those  Hydrozoa 
whose  hydrosoma  is  fixed  by  a  hydrorliiza^  and  consists  either  of 
a  single  polypite,  or  of  several  united  by  a  ccenosarc,  which  usually 
develops  a  firm  outer  layer  or  "-polypary."  No  hydrotheccs" 
are  present.  '*  The  reproductive  oi-gans  are  in  the  form  of  gono- 
phores,  which  vary  much  in  structure,  a?id  arise  from  the  sides  of 
■the  poly  piles,  from  the  canosarc,  or  frojn  gonoblastidia"  (Greene). 

The  hydrosoma  of  the  Corynida  may  consist  of  a  single 
polypite,  as  in  Coryomorpha  and  Vorticlava,  or  it  may  be  com- 
posed of  several  united  by  a  ccenosarc,  as  in  Cordylophora 
(fig.  33,  a).  The  order  is  entirely  confined  to  the  sea,  with 
the  single  exception  of  Cordylophora,  which  inhabits  fresh  water.  | 
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In  Tubularia  and  its  allies  the  organism  is  protected  by  a  well- 
developed  external  chitinous  envelope  or  "  polypary  ;  "  but  in 
the  other  genera  belonging  to  the  order  the  polypary  is  either 


Fig.  33. — Morphology  of  Corynida.  a  Fragment  of  Cordylophora  lacustris,  slightly 
enlarged  ;  b  Fragment  of  the  same  considerably  enlarged,  showing  a  polypite  and 
three  gonophores  in  different  stages  of  growth,  the  largest  containing  ova  ;  c  Portion 
of  Sy7icoryne  Sarsii  with  medusiform  zooids  budding  from  between  the  tentacles. 


rudimentary  or  is  entirely  absent.  The  polypary  of  the 
Corynida,  when  present,  is  readily  distinguished  from  that  of 
the  Sertidarida,  by  the  fact  that  in  the  former  it  extends  only 
to  the  base  of  the  polypites ;  whereas  in  the  latter  it  expands 
to  form  little  cups  for  the  reception  of  the  polypites,  these  cups 
being  called  "  hydrothecas."  Owing  to  the  fa.ct  that  neither 
the  polypites  nor  the  generative  buds  of  the  Corynida  are  en- 
closed in  a  chitinous  investment,  the  name  of  "  Gymnoblastic 
Hydroids"  is  applied  to  them  by  Professor  AUman. 

As  regards  the  reproductive  process  in  the  Corynida,  the 
reproductive  elements  are  developed  in  distinct  buds  or  sacs, 
which  are  external  processes  of  the  body-wall,  and  have  been 
aptly  termed  "gonophores"  by  Professor  Allman.  Strictly 
speaking,  Dr  Allman  understands  by  the  term  "gonophore" 
only  the  ultifuate  generative  zooid,  that  which  immediately  pro- 
duces the  generative  elements.*  Great  variations  exist  in  the 
form  and  development  of  these  generative  buds,  and  an  exami- 

*  According  to  Mr  Hincks,  the  "  gonophore  "  is  the  bud  in  which  the 
reproductive  elements  are  formed.  "It  consists  of  an  external  envelope 
(ectotheca),  enclosing  eithej'  a  fixed  generative  sac  between  the  walls  of 
which  the  ova  and  spermatozoa  are  developed,  or  a  free  sexual  zooid." 
The  actual  sexual  zooid  is  termed  by  Mr  Hincks  the  "gonozooid,"  whether 
it  be  fixed  or  free — in  other  words,  it  is  the  gonophore  minus  its  external 
investment.  The  gonozooid  is  sometimes  male,  sometimes  female  ;  and 
the  same  colony  may  produce  one  or  both — the  former  being  most  com- 
monly the  case. 
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nation  of  these  leads  us  to  some  of  the  most  singular  pheno- 
mena ni  the  entire  animal  kingdom.  In  some  species  of 
Hy dr actinia ^ndi  Coryne,  the  generative  buds  or  "  gonophores  " 
exist  in  their  simplest  form — namely,  as  sacciform  protuber- 
ances of  the  endoderm  and  ectoderm,  enclosing  a  diverticulum 
of  the  somatic  cavity.  In  this  form  they  are  attached  to  the 
"trophosome"  by  a  short  stalk,  and  they  are  termed  "  sporo- 
sacs  "  (fig.  34).    They  are  exactly  like  the  buds  which  we  have 

already  seen  to  exist  in  the 
Hydra,  with  this  difference,  that 
they  are  not  themselves  de- 
veloped into  fresh  polypites, 
but  are  simply  receptacles  in 
which  the  essential  elements 
of  generation  —  the  ova  and 
spermatozoa — are  prepared,  by 
the  union  of  which  the  young 
Corynid  is  produced.  The 
sporosac  is 
permanently 
trophosome, 


...  b 


Fig.  34.— Sporosac  of  Hydractinia  echin- 
ata  (after  Allman).  a  Outer  wall  of 
the  sac  ;  b  inner  wall  of  the  sac  ;  j  col- 
umn developed  from  the  floor  of  the 
sporosac,  and  extending  into  its  cavity. 
This  is  termed  the  "spadix;"  it  con- 
tains a  prolongation  from  the  coeno- 
sarcal  canal,  and  the  ova  are  developed 
around  it. 


almost  invariably 
attached  to  the 
the  only  known 
exception  being  in  Dicory7ie, 
in  which  the  sporosac,  previous 
to  the  discharge  of  its  ova, 
liberates  itself  from  its  outer 
investment,  and  swims  about 
freely  as  an  independent  cili- 
ated organism. 

In  Coi-dylophora  (fig.  35,  b)  a  further  advance  in  structure 
is  perceptible.  The  gonophore  now  consists  of  a  closed  sac, 
from  the  roof  of  which  depends  a  hollow  process  or  peduncle 
— the  "  manubrium  " — which  gives  off  a  system  of  tubes  which 
run  in  the  walls  of  the  sac.  For  reasons  which  will  be  im- 
mediately evident,  the  gonophore  in  this  case  is  said  to  have 
a  "disguised"  medusoid  structure  (fig.  35,  b).  1 

In  certain  Corynida,  however,  we  meet  with  a  still  higher 
form  of  structure,  the  gonophores  being  now  said  to  be 
"  medusoid."  In  these  cases  the  generative  bud  is  primitively 
a  simple  sac — such  as  the  "sporosac" — but  ultimately  develops 
itself  into  a  much  more  complicated  structure.  The  gono- 
phore (fig.  35,  c)  is  now  found  to  be  composed  of  a  bell- 
shaped  disc,  termed  the  "  gonocalyx,"  which  is  attached  by  its 
base  to  the  parent  organism  (the  trophosome),  and  has  its 
cavity  turned  outwards.  From  the  roof  of  the  gonocalyx, 
like  the  clapper  of  a  bell,  there  depends  a  peduncle  or 
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*'  manubrium,"  which  contains  a  process  of  the  somatic  cavity. , 
The  manubrium  gives  out  at  its  fixed  or  proximal  end  four 
prolongations  of  its  cavity,  in  the  form  of  radiating  lateral 
tubes  which  run  to  the  margin  of  the  bell,  where  they  com- 
municate with  one  another  by  means  of  a  single  circular  canal 
which  surrounds  the  mouth  of  the  bell.  This  system  of  tubes 
constitute  what  is  known  as  the  system  of  the  "gastro- vascular" 
or  "  gonocalycine  canals."  The  gonophore,  thus  constituted, 
may  remain  permanently  attached  to  the  parent  organism,  as 
in  Tubularia  indivisa  (fig.  35,  c);  but  in  other  cases  still  fur- 
ther changes  ensue.    In  the  higher  forms  of  development  (fig. 


Fig.  35. — Reproductive  processes  of  Hydrozoa.  a  Sporosac  ;  b  Disguised  medusoid  ; 
c  Attached  medusiform  gonophore  ;  d  Free  medusiform  gonophore.  The  cross  shad- 
ing indicates  the  reproductive  organs,  ovaria  or  spermaria.  The  part  completely 
black  indicates  the  cavity  of  the  manuisrium  and  the  gonocalycine  canals. 

35,  //)  the  manubrium  acquires  a  mouth  at  its  free  or  distal  ex- 
tremity, and  the  gonocalyx  becomes  detached  from  the  parent. 
.The  gonophore  is  now  free,  and  behaves  in  every  respect  as  an 
independent  being.  The  gonocalyx  is  provided  with  marginal 
tentacles  and  with  an  inward  prolongation  from  its  margin, 
which  partially  closes  the  mouth  of  the  bell,  and  is  termed  the 
"veil"  or  "velum."  By  the  contractions  of  the  gonocalyx, 
which  now  serves  as  a  natatorial  organ,  the  gonophore  is  pro- 
pelled through  the  water.  The  manubrium,  with  the  shape, 
assumes  the  functions  of  a  polypite,  and  its  cavity  takes  upon 
itself  the  office  of  a  digestive  sac.  Growth  is  rapid,  and  the 
gonophore  may  attain  a  comparatively  gigantic  size,  being  now 
absolutely  identical  with  one  of  those  organisms  which  are  com- 
monly called  "jelly-fishes,"  and  are  technically  known  as  Med- 
usa (fig.  36).  In  fact,  as  we  shall  afterwards  see,  most,  if  not 
all  of  the  gyni7iophthahnate  Medusa,  originally  described  as  a 
distinct  order  of  free-swimming  Hydrozoa,  are  in  truth  merely 
the  liberated  generative  buds,  or  "  medusiform  gonophores,"  of 
the  permanently  rooted  Hydroids.  Finally,  the  essential  gen- 
erative elements — the  ova  and  spermatozoa — are  developed  in 
the  walls  of  the  manubrial  sac,  between  its  endoderra  and  ecto- 
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derm,  and  embryos  are  produced.  These  embryos,  however, 
instead  of  resembling  the  organism  which  immediately  gave 

them  birth,  develop  themselves 
into  the  fixed  Coryiiid  from  which 
the  gonophore  was  produced,  thus 
completing  the  cycle. 

The  svvimming-bell  of  the  me- 
dusiform  gonophore  is  believed  to 
be  formed  by  a  great  development 
of  an  inter-tentacular  web,  such  as 
is  sometimes  present,  in  a  rudi- 
mentary form,  in  the  nutritive 
zooids.  Sometimes  the  medusoid 
becomes  quiescent  towards  the 
close  of  its  existence,  and  the 
svvimming-bell  becomes  reversed 
or  atrophied.  Lastly,  in  Clavatella, 
the  sexual  zooid,  though  free  and 
locomotive,  is  not  provided  with 
a  swimming-bell,  but  creeps  about 
by  means  of  suctorial  discs  devel- 
oped on  branches  of  the  tentacles. 

As  we  have  seen,  the  generative 
buds  of  the  Co7yntda  may  exist  in 
the  following  chief  forms: — i.  As 
"sporosacs,"  or  simple  closed  sacs, 
consisting  of  ectoderm  and  endo- 
derm,  with  a  central  cavity  in  which 
ova  and  spermatozoa  are  produced. 
2.  As  "  disguised  medusoids,"  in  which  there  is  a  central  manu- 
brial  process  and  a  rudimentary  system  of  gonocalycine  canals ; 
but  the  gonocalyx  remains  closed,  3.  As  complete  medusoids, 
which  have  a  central  manubrium,  a  complete  system  of  gono- 
calycine canals,  and  an  open  gonocalyx  ;  but  which  never  be- 
come detached,  4.  As  perfect  medusiform  gonophores  (fig. 
36),  which  are  detached,  and  lead  an  independent  existence 
for  a  time,  until  the  generative  elements  are  matured.  In 
whichever  of  these  forms  the  gonophore  may  be  present,  the 
place  of  its  origin  from  the  trophosome  may  vary  in  different 
species  of  the  order,    i.  They  may  arise  from  the  sides  of  the 


Fig.  36.*  —  Free  medusiform  gono- 
phore of  Clytia  Johiistoiii  (after 
Hiiicks).  a  Central  polypite  or 
manubrium  ;  b  b  Radiating  gastro- 
vascular  canals  ;  c  Circular  canal ; 
m  Marginal  bodies  ;  t  tentacles. 


*  It  should  be  mentioned  that  the  medusiform  gonophore  of  Clytia 
Johnstoni  does  not  directly  produce  the  generative  elements,  as  is  the  case 
with  typical  medusiform  gonophores.  On  the  contrary,  it  gives  origin 
from  its  radiating  canals  to  secondary  zooids,  in  the  form  of  sporosacs,  in 
which  the  ova  and  spermatozoa  are  actually  developed. 
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polypites,  as  in  Coryne  and  Sfauridia;  2.  They  maybe  produced 
from  the  coenosarc,  as  in  Cordylophora ;  3.  They  may  be  pro- 


Fig.  37.— Diagram  of  sporosacs  supported  upon  a  gonoblastidion  (or  blastostyle).  a 
Chitinous  investment  (periderm)  of  the  colony  ;  b  Ectoderm  ;  c  P^ndoderni ;  /  Poly- 
pite ;  g  Gonoblastidion,  or  columniform  zooid,  carrying  sporosacs  (s  s)  with  ova  in 
their  interior.    (Altered  from  AUman.) 


duced  upon  certain  special  processes,  which  are  termed  "gono- 
blastidia,"  as  in  Hydractinia  and  Dicoryne.  Tliese  gonoblastidia 
(fig.  37,  ^)  are  processes  from  the  body-wall  or  coenosarc,  which 
closely  resemble  true  polypites  in  form,  but  differ  from  them 
in  being  usually  devoid  of  a  mouth,  and  in  having  shorter 
tentacles.  They  are,  in  truth,  atrophied  or  undeveloped 
polypites. 

The  gonoblastidia  are  the  "  blastostyles  "  of  Prof.  Allman, 
and  are  usually  columniform  in  shape.  They  may  carry  spo- 
rosacs, or  medusoid  gonophores  ;  and  they  may  be  naked,  or, 
in  other  orders,  they  may  be  protected  within  a  chitinous  re- 
ceptacle or  "gonangium." 

As  regards  the  development  of  the  Corynida,  the  embryo  is  very  gener- 
ally, though  not  always,  ciliated  at  first,  vi'hen  it  is  known  as  a  "planula;  " 
but  in  one  form  the  embryo  leaves  the  gonophore  as  a  free  and  locomotive 
polypite,  and  in  another  it  is  non-ciliated  and  amoeboid.  The  "planula" 
is  a  minute  ciliated  cylindrical  body,  which  swims  about  actively  in  the 
water.    The  embryonic  cells  of  which  it  is  composed  divide  into  an  outer 
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and  an  inner  layer,  enclosing  a  central  cavity,  and  it  next  passes  into  a 
condition  which  is  common  to  the  embryos  of  the  Calenterata  generally, 
and  to  which  Ha;ckel  has  applied  the  name  of  "gastrula."  At  this  stage, 
it  consists  of  an  ovate  or  rounded  body,  with  a  single  central  cavity,  which 

communicates  with  the  exterior  by  an  aper- 
ture placed  at  one  pole.  The  wall  of  this 
central  cavity  consists  of  two  layers,  an 
outer  and  an  inner,  corresponding  with  the 
ectodenn  and  endoderm  of  the  adult,  and 
also  with  the  two  primitive  layers  of  the 
germ  of  the  Vertebrata.  The  "gastrula" 
stage  appears  to  be  one  very  generally  passed 
through  by  all  animals  higher  than  the 
Frotozoa,  and  by  the  Sponges  amongst  the 
latter,  but  there  is  a  difference  as  to  the 
manner  in  which  the  central  cavity  is  form- 
ed. In  some  cases  it  is  formed  by  the  hol- 
lowing out  of  the  original  sphere,  and  the 
formation  of  an  opening  (the  primitive 
mouth)  at  one  end,  as  seems  to  be  generally 
the  case  in  the  Ccelenterata ;  or,  in  other 
cases,  it  may  be  produced  by  an  invagina- 
tion or  inversion  of  the  primitive  vesicle  in 
such  a  manner  as  to  form  a  central  chamber, 
with  a  single  aperture  opening  on  the  ex- 
terior. By  fixation  of  the  ' '  gastrula  "  at 
its  hinder  extremity  to  some  foreign  object, 
and  by  the  formation  of  tentacles  round  the 
mouth-opening  at  the  other  extremity,  a 
hydraform  polypite  is  at  once  produced, 
which  (if  not  belonging  to  one  of  the  simple 
forms)  proceeds  to  develop  the  composite 
adult  by  a  process  of  gemmation.  In  this 
process  in  the  Corynida  (as  also  in  the 
Fig.  38.— Corynida.  Fragment  of  Sertularida  and  Campamclarida)  the  new 
Tubularia    indivisa,   natural    polypites  are  developed  at  or  near  the  dis- 

tal  end  of  the  hydrosoma,  the  distal  poly- 
pites being  thus  the  youngest ;  whereas 
the  reverse  of  this  obtains  amongst  the  Oceanic  Hydrozoa. 

The  subject  of  the  reproduction  of  the  Corynida  having 
been  treated  at  some  length,  so  as  to  apply  to  the  remaining 
Hydroida,  we  shall  now  give  a  brief  description  of  the  leading 
types  of  structure  exhibited  by  the  order, 

Eiidendrium,  a  genus  of  the  Corynida,  which  is  not  uncommonly  found 
attached  to  submarine  objects,  usually  in  tolerably  deep  water,  may  be 
taken  as  a  good  example  of  the  fixed  and  composite  division  of  the  order. 
The  hydrosoma  consists  of  numerous  polypites,  united  by  a  ccenosarc, 
which  is  more  or  less  branched,  and  is  defended  by  a  horny  tubular  poly- 
pary.  The  polypites  are  borne  at  the  ends  of  the  branches  and  branchlets, 
and  are  not  contained  in  "  hydrothecee, "  the  polypary  ending  abruptly  at 
their  bases.  The  polypites  are  non-retr4ctile,  of  a  reddish  colour,  and  pro- 
vided with  about  twenty  tentacles,  arranged  round  the  mouth  in  a  snigle 
row.     Tubularia  (fig.  38)  is  very  similar  to  Eudcndrium,  but  the  hydro- 
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soma  is  either  undivided  or  is  very  slightly  branched.  The  hydrosoma 
consists  of  clustered  horny  tubes,  of  a  straw  colour,  and  not  unlike  straws 
to  look  at ;  hence  the  common  name  of  pipe-coralline  given  to  this  zoo- 
phyte. Each  tube  is  filled  with  a  soft,  semi-fluid,  reddish  ccenosarc,  and 
gives  exit  at  its  distal  extremity  to  a  single  polypite.  The  polypites  are 
bright  red  in  colour,  and  are  not  retractile  within  their  tubes,  the  homy 
polypary  extending  only  to  their  bases.  The  polypites  are  somewhat  coni- 
cal in  shape,  the  mouth  being  placed  at  the  apex  of  the  cone,  and  they  are 
furnished  with  two  sets  of  tentacles.  One  set  consists  of  numerous  short 
tentacles  placed  directly  round  the  mouth  ;  the  other  is  composed  of  from 
thirty  to  forty  tentacles  of  much  greater  length,  arising  from  the  polypite 
about  its  middle  or  near  the  base.  Near  the  insertion  of  these  tentacles 
the  generative  buds  are  produced  at  proper  seasons.  The  generative  buds 
remain  permanently  attached,  but  each  is  furnished  with  a  swimming-bell, 


Fig.  39.— Group  of  zooids  of  HydracUnia  echinata.    Enlarged  (after  Hincks^ 
a  a  JNutntive  zooids ;  bb  Generative  zooids,  carrying  sacs  filled  with  ova. 

which  canals  are  present.    The  manubrium  is  destitute  of  a  mouth  and 
the  swimmmg-bell  is  converted  into  a  nursery  in  which  the  embryo  passes 
hrough  the  later  stages  of  its  development "  (Hincks).  ^  ^ 

Coryomorpha  nutans  may  be  taken  to  represent  these  Corynida  in  which 
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there  is  no  polypary  and  the  hydrosoma  is  simple.  It  is  about  four  inches 
in  length,  and  is  fixed  by  filamentous  roots  to  the  sand  at  the  bottom  of  thc 
sea.  It  consists  of  a  single  whitish  polypite,  striped  with  pink,  and  termin- 
atmg  upwards  m  a  spear-shaped  head,  round  the  thickest  part  of  which  is 
a  circlet  of  from  forty  to  more  than  one  hundred  long  white  tentacles. 
Above  these  comes  a  series  of  long,  branching  gonoblastidia,  bearing  gono- 
phores,  and  succeeded  by  a  second  shorter  set  of  tentacles  which  surround 
the  mouth.  The  gonophores  become  ultimately  detached-  as  free-swim- 
ming medusoids. 

Another  remarkable  example  of  the  Corynida  is  Hydractinia  (fig.  39). 
In  this  genus  the  polypites  are  gregarious,  and  the  polypary  forms  a  horny 
crust  which  spreads  over  shells  and  other  foreign  bodies.  The  tentacles  of 
the  nutritive  zooids  form  a  single  sub-alternate  series.  The  generative 
buds  are  produced  upon  imperfect,  non-tentaculate  polypites  ;  and  are 
mere  sac-shaped  protuberances,  enclosing  diverticula  from  the  body-cavity, 
but  not  detached  from  the  parent  organism. 

Order  III,  Sertularida  {Calyptoblastea,  AUman ;  77/^- 
caphora,  Hincks).  —  This  order  comprises  those  Hydrozoa 

whose  hydrosoma  is  fixed  by  a  hydrorhiza,  and  consists  of 
several  polypites,  protected  by  hydrothecce,  and  connected  by  a 
cce7iosarc,  which  is  usually  branched  and  invested  by  a  very  firm 
outer  layer.  Reproductive  organs  in  the  form  of  gonophores 
arising  from  the  canosa^x  or  from  gonoblastidia  "  (Greene). 

The  Sertularida  resemble  the  Coryjiida  in  becoming  perma- 
nently fixed  after  their  embryonic  condition  by  a  hydrorhiza, 
which  is  developed  from  the  proximal  end  of  the  coenosarc ; 
but  they  differ  in  the  fact  that  the  polypites  are  invariably  pro- 
tected by  "  hydrothecge,"  or  little  cup-like  expansions  of  the 
polypary  (fig.  40,  a,  b) ;  whilst  the  hydrosoma  is  in  all  cases 
composed  of  more  than  a  single  polypite.  The  mouth  of  the 
hydrotheca  is  generally  furnished  with  an  operculum  or  valve 
for  its  closure.  Owing  to  the  presence  of  "  hydrothecas,"  the 
name  of  "  Calyptoblastic  Hydroids "  has  been  proposed  by 
Professor  Allman  for  the  Sertularians  and  Campanularians. 
In  all  these  forms,  also,  the  generative  buds  are  similarly  en- 
closed in  chitinous  receptacles — the  so-called  "  gonotheca^ "  or 
"gonangia."  The  coenosarc  generally  consists  of  a  main  stem 
— or  " hydrocaulus " — with  many  branches;  and  it  is  so  plant- 
like in  appearance  that  the  common  Sertularians  are  almost 
always  mistaken  for  sea-weeds  by  visitors  at  the  seaside.  It  is  • 
invested  by  a  strong  corneous  or  chitinous  covering,  often 
termed  the  "  periderm." 

The  polypites  are  sessile  or  subsessile,  hydra-form,  and  in 
all  essential  respects  identical  with  those  of  the  Corynida, 
though  usually  smaller.    Each  polypite  consists  of  a  soft,  con-  ■ 
tractile,  and  extensile  body,  which  is  furnished  at  its  distal 
extremity  with  a  mouth  and  a  circlet  of  prehensile  tentacles, 
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richly  furnished  with  thread-cells.  The  tentacles  have  an  in- 
distinctly alternate  arrangement.  The  mouth  is  simple  or 
lobed,  and  is  placed,  in  many  cases,  at  the  extremity  of  a  more 
or  less  prominent  extensile  and  contractile  proboscis.  The 
mouth  opens  into  a  chamber  which  occupies  the  whole  length 
of  the  polypite,  and  is  to  be  regarded  as  the  combined  body- 
cavity  and  digestive  sac.  At  its  lower  end  this  chamber  opens 
by  a  constricted  aperture  into  a  tubular  cavity  which  is  every- 
where excavated  in  the  substance  of  the  coenosarc  (fig.  40,  b). 


Fig.  40. — a  Sertularia  {Diphasid)  pinnata,  natural  size  ;  a'  Fragment  of  the  same  en- 
larged, carrying  a  male  capsule  (p\  and  showing  the  hydrothecse  {K) ;  b  Fragment  of 
Cavipanularia  7ieglecta  (after  Hincks),  showing  the  polypi tes  contained  in-  their 
hydrothecae  (A),  and  also  the  point  at  which  the  ccenosarc  communicates  with  the 
stomach  of  the  polypite  (c). 

The  nutrient  particles  obtained  by  each  polypite  thus  serve  for 
the  support  of  the  whole  colony,  and  are  distributed  through- 
out the  entire  organism.  The  nutritive  fluid  prepared  in  the 
interior  of  each  polypite  gains  access  through  the  above-men- 
tioned aperture  to  the  cavity  of  the  coenosarc,  which  by  the 
combined  exertions  of  the  whole  assemblage  of  polypites  thus 
becomes  filled  with  a  granular  nutritive  liquid.  The  ccenosar- 
cal  fluid  is  in  constant  movement,  circulating  through  all  parts 
of  the  colony,  and  thus  maintaining  its  vitality,  the  cause  of 
he  movement  being  probably  due  in  part,  at  any  rate,  to  the 
existence  of  vibrating  cilia.  The  generative  buds  (gonophores 
or  ovarian  vesicles)  are  usually  supported  upon  gonoblastidia, 
and  do  not  become  detached  in  the  true  Sertularids.  They 
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are  developed  in  chitinous  receptacles  known  as  "gonothecse" 
(figs.  41,  42). 

Sometimes  the  "gonangium"  or  "gonotheca"  contains  only 


a  single  gonophore,  but  more  commonly  it  contains  several, 
which  increase  in  maturity  as  we  recede  from  the  base  of  the 
gonoblastidion  (or  blastostyle)  and  approach  its  summit  (fig. 
41,  B).  The  buds  carried  on  the  sides  of  the  blastostyle  may 
have  the  form  either  of  sporosacs  or  of  medusoids.  The  ova 
may  be  directly  discharged  into  the  surrounding  water,  or  may 
be  retained  for  some  time  in  a  peculiar  receptacle,  "where  they 
undergo  further  development,  and  which  is  supported  upon 
the  summit  of  the  gonangium,  and  lies  entirely  external  to  its 
cavity"  (Allman). 

In  Plunmlaria  and  some  of  its  allies  there  occur  certain 
peculiar  structures,  to  which  the  name  of  "  nematophores  "  has 
been  appHed.  Each  of  these  consists  of  a  process  of  the  cce- 
nosarc,  which  is  invested  by  the  horny  polypary,  with  the 
exception  of  the  distal  extremity,  which  remains  open.  The 
nematophores  are  sometimes  fixed,  sometimes  movable.  They 
"constitute  cup-like  appendages  (fig.  43,  11,  n)  formed  of 
chitine,  and  filled  with  protoplasm,  which  has  the  power  of 


Fig.  41. — Diagrams  of  the  gonothecse,  with  their  con- 
tents, of  the  Sertularians  and  Campanularians.  « 
Chitinous  envelope ;  g-  Central  gonoblastidion  or 
blastostyle ;  e  Medusiform  gonophores  carried  upon 
the  blastostyle,  each  with  a  central  manubrium,  in 
the  walls  of  which  the  generative  elements  are  pro- 
duced ;  J  Sporosacs  carried  upon  the  blastostyle, 
each  with  a  central  pillar  (spadix),  round  which  the 
ova  are  developed.    (Altered  from  Allman.) 


Fig.  42.  —  Ovarian  cap- 
sule of  Diphasia  (Ser- 
iidaria)  opcrculata. 
Linn,  (after  Hincks). 
Greatly  enlarged. 
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emitting  pseudopodia  or  amoeboid  prolongations  of  its  sub- 
stance, and  having  their  cavity  in  communication  with  that 
of  the  common  tube  of 
the  hydrocaulus  "  (Allman). 
Whilst  part  of  the  sarcode 
in  each  nematophore  is 
capable  of  being  extended 
in  long  filaments  resemb- 
ling the  pseudopodia  of  an 
Amceba,  another  portion  is 
charged  with  large  thread- 
c^jlls,  and  is  not  capable  of 
emission  in  this  way.  The 
function  of  these  extraordi- 
narily modified  zooids  is 
uncertain. 

Order  IV.  Campanu- 
LARIDA. — The  members  of 
this  order  are  closely  alli- 
ed to  the  Sertiilarida ;  so 
closely,  indeed,  that  they 
are  very  often  united  to- 
gether into  a  single  group. 
The  chief  difference  con- 
sists in  the  fact  that  the 
hydrothecse  of  the  Campa- 
nularida  with  their  contain- 
ed polypites  are  supported 
upon  conspicuous    stalks,  ^.        „   .     .   .     ,   ,  .  ,     ,  . 

,    .        ^        .     ,  .  r'lg.  43. — Portion  of  a  branch  of  Antemularia 

thus  bemg  termmal  m  pOSl-  atUetmina,  enlarged.    (After  Allman.)  p  One 

Unn   /firr     a  r\     h\  •  url^ilcf  ir>  of  the  polypites ;«,«,«  Nematophores  emit- 

tlOn  (hg.   AO,  0)  ,  wmiSt  m  t;„g  pWdopodial  fiiaments  of  sarcode ;  «' 

the    Sertiilarida    they    are      Nematophore   with    its    sarcodic  contents 
•  1  1.        ■!  J      quiescent  :  c  Coenosarc  enclosed  within  the 

sessile  or  subsessne,  and  poiypary. 
are  placed  laterally  upon 

the  branchlets.  The  gonophores  also  in  the  Campanularida 
are  usually  detached  as  free  -  swimming  medusoids,  whereas 
they  remain  permanently  attached  in  the  S^tularia^is.  Each 
medusoid  consists  of  a  little  transparent  glassy  bell,  from 
the  under  surface  of  which  there  is  suspended  a  modified 
polypite,  in  the  form  of  a  "manubrium"  (fig.  36).  The  whole 
organism  swims  gaily  through  the  water,  propelled  by  the 
contractions  of  the  bell  or  disc  {gonocalyx) ;  and  no  one 
would  now  suspect  that  it  was  in  any  way  related  to  the  fixed 
plant-like  zoophyte  from  which  it  was  originally  budded  off. 
The  central  polypite  is  furnished  with  a  mouth  at  its  distal 
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end,  and  the  mouth  opens  into  a  digestive  sac.  From  the 
proxmial  end  of  this  stomach  proceed  four  radiating  canals 


Fig.  44.— -Portion  of  the  colony  of  Clytia  {Campanularia)  Johnstoni,  magnified. 
/  Nutritive  zooid  ;  g  Capsules  in  which  the  reproductive  zodids  are  produced. 

which  extend  to  the  circumference  of  the  disc,  where  they  all 
open  into  a  single  circular  vessel  surrounding  the  mouth  of 
the  bell.  From  the  margins  of  the  disc  hang  also  a  number 
of  delicate  extensile  filaments  or  tentacles ;  and  the  circum- 
ference is  still  further  adorned  with  a  series  of  brightly-coloured 
spots,  which  are  probably  organs  of  sense.  The  mouth  of  the 
bell  is  partially  closed  by  a  delicate  transparent  membrane  or 
shelf,  the  so-called  "veil."  Thus  constituted,  these  beautiful 
little  beings  lead  an  independent  and  locomotive  existence  for 
a  longer  or  shorter  period.    Ultimately,  the  essential  elements 
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of  reproduction  are  developed  in  special  organs,  situated  in 
the  course  of  the  radiating  canals  of  the  disc.  The  resulting 
embryos  are  ciliated  and  free  -  swimming,  but  ultimately  fix 
themselves,  and  develop  into  the  plant-like  colony  from  which 
fresh  medusoids  may  be  budded  off.  The  ova  in  the  medu- 
siform  gonophores  are  usually  developed  in  the  course  of 
the  gonocalycine  canals,  and  not  between  the  ectoderm  and 
endoderm  of  the  manubrium,  as  is  the  case  in  the  Corynida. 
Examples  of  the  order  are  Campanularia,  Laomedea,  &c.  The 
distinctions  between  the  Sertularida  and  Campanularida  are 
certainly  insufficient  to  justify  their  being  placed  in  separate 
orders.  If  united  together,  it  would  probably  be  best  to  adopt 
the  name  of  Calyptoblastea  (Allman)  or  Thecaphora  (Hincks) 
for  the  order,  and  to  employ  the  names  Sertularida  and  Cam- 
panularida for  the  sub-orders. 

Order  V.  Thecomedus^. — Professor  Allman  has  recently 
described  under  the  name  of  Stephaiioscyphus  mirabilis,  a  very 
remarkable  Hydrozoon,  which  he  believes  to  form  the  type  of  a 
new  order.  This  singular  organism  is  invariably  associated  with 
a  species  of  Sponge,  in  the  substance  of  which  it  is  embedded. 
It  consists  of  a  congeries  of  chitinous  tubes,  which  penneate 
the  sponge  -  substance,  and  which  open  on  its  surface  by 
large  openings  resembling  oscula.  At  their  bases  the  tubes 
are  connected  by  horizontal  branches,  and  they  expand  widely 
as  they  approach  the  surface ;  where  their  contents  become 
/  developed  into  a  remarkable  body,  which  has  the  power  of 
'  extending  itself  beyond  the  mouth  of  the  tube,  and  again  of 
withdrawing  within  it.  This  body  is  furnished  with  a  crown 
of  tentacles,  and  is  essentially  medusifortn  in  its  structure. 
There  is  a  circular  canal  at  the  base  of  the  tentacular  crown, 
surrounding  the  central  opening,  with  four  radiating  canals 
proceeding  backwards  from  this ;  but  no  lithocysts,  ocelli,  nor 
velum  have  been  detected.  For  this  curious  organism,  Pro- 
fessor Allman  proposes  the  formation  of  a  new  order  under  the 
name  of  Thecomedusce. 


CHAPTER  IX. 

SIPHONOPHORA. 

Sub-class  II.  Siphonophora. — The  members  of  this  sub- 
class constitute  the  so-caUed  "Oceanic  Hydrozoa;''  and  are 
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characterised  by  the  possession  of  a  free  and  oceanic  hydro- 
soma,  consisiing  of  several  polypites  tmited  by  a  flexible,  contrac- 
tile, wibranched  or  slightly-branched  canosarc,  the  proximal  end 
of  which  is  usually  furnished  with  '  nectocalyces^  and  is  dilated 
into  a  '  somatocyst'  or  into  a  pneumatophore!  "  (Greene.) 

All  the  Siphonophora  are  unattached,  and  permanently  free, 
and  all  are  composite.  They  are  singularly  delicate  organisms, 
mostly  found  at  the  surface  of  tropical  seas,  the  Portuguese 
man-of-war  {Physalia)  being  the  most  familiar  member  of  the 
group.  The  sub-class  is  divided  into  two  orders — viz.,  the 
CalycophoridcB  and  the  PhysophoridcB. 

Order  I.  Calycophorid^.  —  This  order  includes  those 
Siphonophora  whose  hydrosoma  is  free  and  oceanic,  and  is  pro- 
pelled by  "  nectocalyces  "  attached  to  its  proximal  end.  The  hydro- 
soma consists  of  several  polypites,  united  by  an  unbranched  coeno- 
sarc,  which  is  highly  flexible  and  contradicle,  and  neva-  develops  a 
hard  cuticular  layer.  The  proximal  end  of  the  hydrosoma  is 
modified  into  a  peculiar  cavity  called  the  "  soj?iatocyst."  The  re- 
productive organs  are  in  the  form  of  medusiform  gonophores  pro- 
duced by  budding  from  the  pedu7icles  of  the  polypites. 

In  all  the  Calycophoridce  the  coenosarc  is  filiform,  cylindrical, 
unbranched,  and  highly  contractile,  this  last  property  being  due 
to  the  presence  of  abundant  muscular  fibres.  The  proximal 
end  of  the  coenosarc  dilates  a  little,  and  becomes  ciliated  in- 
ternally, forming  a  small  chamber  "  which  communicates  with 
the  nectocalycine  canals.  "  At  its  upper  end  this  chamber  is 
a  little  constricted,  and  so  passes,  by  a  more  or  less  narrowed 
channel,  into  a  variously-shaped  sac,  whose  walls  are  direcdy 
continuous  with  its  own,  and  which  will  henceforward  be  termed 
the  somatocyst  (fig.  45,  3  b).  The  endoderm  of  this  sac  is  cili- 
ated, and  it  is  generally  so  immensely  vacuolated  as  almost  to 
obliterate  the  internal  cavity,  and  give  the  organ  the  appearance 
of  a  cellular  mass  "  (Huxley).  The  polypites  in  the  Calyco- 
phoridcB often  show  a  well-marked  division  into  three  portions, 
termed  respectively  the  proximal,  median,  and  distal  divisions. 
Of  these  the  "  proximal "  division  is  somewhat  contracted,  and 
forms  a  species  of  peduncle,  which  often  carries  appendages. 
The  "  median  "  portion  is  the  widest,  and  may  be  termed  the 
"  gastric  division,"  as  in  it  the  process  of  digestion  is  carried 
on.  It  is  usually  separated  from  the  proximal  division  by  a 
valvular  inflection  of  the  endoderm,  which  is  known  as  the 
"  pyloric  valve."  The  polypites  have  only  one  tentacle  "  de- 
veloped near  their  basal  or  proximal  ends,  and  provided  with 
lateral  branches  ending  in  saccular  cavities,"  and  furnished 
with  numerous  thread-cells.    The  proximal  ends  of  the  poly- 
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pites  usually  bear  certain  overlapping  plates  of  a  protective 
nature,  which  are  termed  "  hydrophyllia  "  or  "  bracts."  They 


Fig.  45. — Morphology  of  the  Oceanic  Hydrozoa.  i.  Diagram  of  the  proximal  ex- 
tremity of  a  Physophorid ;  a  Pneumatocyst.  2.  Vogtia  pentacantha,  one  of  the 
Calycophorida :  n  Nectocalyces  ;  /  Polypites ;  t  Tentacles.  3.  Diagram  of  a 
Calycophorid:  a  a'  Proximal  and  distal  nectocalyces  ;  b  Somatocyst ;  c  Coenosarc  ; 
d  Hydrophyllium  or  bract ;  e  Medusiform  gonophore  ;  f  Polypite.  The  dark  lines 
in  figs.  I  and  3  indicate  the  endoderm,  the  light  line  with  the  clear  space  indicates 
the  ectoderm.    (After  Huxley.) 

are  composed  of  processes  of  both  ectoderm  and  endoderm 
(fig.  45,  3  d),  and  they  always  contain  a  diverticulum  from  the 
somatic  cavity,  which  is  called  a  "  phyllocyst."    The  Calyco- 
phoridcz  always  possess  swimming-bells,  or  "  nectocalyces,"  by 
the  contractions  of  which  the  hydrosoma  is  propelled  through 
the  water  (fig.  45,  2).    The  nectocalyx  in  structure  is  very 
similar  to  the  "gonocalyx"  of  a  medusiform  gonophore,  as 
already  described ;  but  the  former  is  devoid  of  the  gastric  or 
genital  sac — the  "  manubrium  " — possessed  by  the  latter.  Each 
nectocalyx  consists  of  a  bell-shaped  cup,  attached  by  its  base 
to  the  hydrosoma,  and  provided  with  a  muscular  lining  in  the 
interior  of  its  cavity,  or    nectosac."    There  is  also  always  a 
"  velum "  or  "  veil,"  in  the  form  of  a  membrane  attached  to 
the  mouth  of  the  nectosac  round  its  entire  margin,  and  leaving 
a  central  aperture.    The  peduncle  by  which  the  nectocalyx  is 
attached  to  the  hydrosoma  conveys  a  canal  from  the  somatic 
cavity  which  dilates  into  a  ciliated  chamber,  and  gives  off  at 
least  four  radiating  canals,  which  proceed  to  the  circumference 
of  the  bell,  where  they  are  united  by  a  circular  vessel ;  the 
entire  system  constituting  what  is  known  as  the  system  of  the 
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"nectocalycine  canals."  In  the  typical  Calycophorida  two 
nectocalyces  only  are  present,  but  in  some  genera  there  are 
more.  In  Praya  the  two  nectocalyces  are  so  apposed  to  one 
another  that  a  sort  of  canal  is  formed  by  the  union  of  two 
grooves,  one  of  which  exists  on  the  side  of  each  nectocalyx. 
This  chamber,  which  is  present  in  a  more  or  less  complete 
form  in  all  the  genera,  is  termed  the  "  hydroecium,"  and  the 
ccenosarc  can  be  retracted  within  it  for  protection. 

The  reproductive  bodies  in  the  CalycophoridcB  are  in  the  form  of  medusi- 
form  gonophores,  which  are  budded  from  the  peduncles  of  the  polypites, 

becoming,  in  many  instances,  detached  to  lead  an 
independent  existence.  In  some  Calycophoridce,  as 
in  Abyla,  "each  segment  of  the  ccenosarc,  provided 
with  a  polypite,  its  tentacle,  reproductive  organ, 
and  hydrophyllium,  as  it  acquires  a  certain  size,  be- 
comes detached,  and  leads  an  independent  life — 
the  calyx  of  its  reproductive  organ  serving  it  as  a 
propulsive  apparatus.  In  this  condition  it  may 
acquire  two  or  three  times  the  dimensions  it  had 
when  attached,  and  some  of  its  parts  may  become 
wonderfully  altered  in  form  "  (Huxley).  To  these 
detached  reproductive  portions  of  adult  Calycopho- 
ridce the  term  "  Diphyozooids  "  has  been  applied. 

As  regards  the  development  of  the  Calycopho- 
ridce, "not  only  the  new  polypites,  but  the  new 
nectocalyces  and  reproductive  organs,  and  even  the 
branches  of  the  tentacles,  are  developed  on  the 
proximal  side  of  the  old  ones  ;  so  that  the  distal 
appendages  are  the  oldest"  (Huxley).  The  pro- 
cess of  development  is  therefore  the  reverse  of  what 
obtains  amongst  the  Hydroida. 

Diphyes  (fig.  46),  which  may  be  taken 
as  the  type  of  the  Calycophoridce,  consists 
of  a  delicate  filiform  ccenosarc,  provided 
proximally  with  two  large  mitre -shaped 
nectocalyces  (7/,  v'),  of  which  one  lies  en- 
tirely on  the  distal  side  of  the  other.  The 
Fig  46.  -  caiycophor-  pointed  apcx  of  the  distal  nectocalyx  is 
idae.  Diphyes  appetidi-  reccivcd  iuto  a  spccial  cavity  m  the  proxi- 
:"'p?ol£  ™oc2:  mal  nectocalyx.    The  "  hydroecium (/O  is 
lyx;  v'  Distal  necto-  formed  partially  by  this  chamber  in  the 
f&oi^c!'carS  nectocalyx,  and   partially  by  an  arched 
&'andtenfacTf      g^oove  prolonged  upon  the  inner  surface 
of  the  distal  nectocalyx,  withm  which  the 
ccenosarc  moves  freely  up  and  down,  and  can  be  entirely  re- 
tracted if  necessary.    The  upper  part  of  the  ccenosarc  dilates 
into  a  small  ciliated  cavity,  from  which  are  given  off  two  tubes, 
which  proceed  respectively  to  the  distal  and  proximal  necto- 


I 


CCELENTERATA  :  SIPHONOPHORA. 


123 


calyces,  where  they  open  into  the  central  chamber  from  which 
the  nectocalycine  canals  take  their  rise.  The  upper  portion 
of  this  small  ciliated  cavity  is  prolonged  proximally  into  the 
larger  chamber  of  the  "  somatocyst."  The  coenosarc  bears 
pofypites,  each  of  which  is  protected  by  a  delicate  glassy 
"  hydrophyllium." 

Order  IL  Physophorid^.  —  This  second  order  of  the 
Oceanic  Hydrozoa  comprises  those  Siphonophora  in  which  the 
hydrosonia  consists  of  several  polypites  united  by  a  flexible,  con- 
tractile, nnbranched  or  very  slightly  branched  canosarc,  the  proxi- 
mal extremity  of  which  is  modified  into  a  '■^ ptieimatophore"  and 
is  sometimes  provided  with  nectocalyces."  The  polypites  have 
either  a  single  basal  te?itacle,  or  the  te?ttacles  a?'ise  directly  from 
the  coenosarc.  "  Hydrophyllia  "  are  commonly  present.  The  re- 
productive bodies  are  developed  upon  gonoblastidia. 

The  coenosarc  in  the  Physophoridai,  like  that  of  the  Calyco- 
phoridcB,  is  perfectly  flexible  and  contractile;  but  it  is  not 
necessarily  elongated,  being  sometimes  spheroidal  or  discoidal. 
The  proximal  end  of  the  coenosarc  expands  into  a  variously- 
shaped  enlargement,  whose  walls  consist  of  both  ectoderm  and 
endoderm,  and  which  encloses  a  wide  cavity  in  free  communi- 
cation with  that  of  the  coenosarc,  and,  like  it,  full  of  the  nutri- 
tive fluid.  From  the  distal  end,  or  apex,  of  this  cavity  depends 
a  sac,  variously  shaped,  but  always  with  tough,  strong,  and 
elastic  walls,  composed  of  a  substance  which  is  stated  to  be 
similar  to  chitine  in  composition,  and  more  or  less  completely 
filled  with  air"  (Huxley).  The  large  proximal  dilatation  of 
the  coenosarc  is  termed  the  "  pneumatophore,"  whilst  the  chiti- 
nous  air-sac  which  it  contains  is  termed  the  "pneumatocyst" 
(fig.  45,  i).  The  pneumatocyst  is  held  in  position  by  the 
reflection  of  the  endoderm  of  the  pneumatophore  over  it,  and 
it  doubtless  acts  as  a  buoy  or  "float."  In  the  Portuguese 
man-of-war  {Physalia)  the  pneumatocyst  communicates  with 
the  exterior  by  means  of  an  aperture  in  the  ectoderm  of  the 
pneumatophore.  In  Velella  and  Porpita  the  pneumatocyst 
communicates  with  the  exterior  by  means  of  several  similar 
openings  called  "stigmata;"  and  from  its  distal  surface  de- 
pend numerous  slender  processes  containing  air,  and  known 
as  "  pneumatic  filaments." 

The  polypites  of  the  PhysophoridcB  resemble  those  of  the 
CalycophoridcB  in  shape,  but  the  tentacles  have  a  much  more 
compHcated  structure,  and  are  sometimes  many  inches  in 
length,  as  in  Physalia.  The  "  hydrophyllia  "  have  essentially 
the  same  structure  as  those  of  the  former  order.  There  occur 
also  in  the  PhysophoridcB  certain  peculiar  bodies,  termed 
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" hydrocysts"  or  "feelers"  (''fiihler"  and  "taster"  of  the  Ger- 
mans). These  resemble  immature  polypites  in  shape,  consist- 
ing of  a  prolongation  of  both  ectoderm  and  endoderm,  usually 
with  a  tentacle,  and  containing  a  diverticulum  of  the  somatic 
cavity,  the  distal  extremity  being  closed,  and  furnished  with 
numerous  large  thread-cells.  They  are  looked  upon  as  "  organs 
of  prehension  and  touch,"  and  they  are  somewhat  analogous 
to  the  "  nematophores  "  of  the  Plumularians. 

As  regards  the  reproductive  organs,  they  are  developed 
upon  special  processes  or  "  gonoblastidia,"  and  they  may  re- 
main permanently  attached,  or  they  may  be  thrown  off  as 


garis  (after  Gosse). 


free-swimming  medusoids.  In  many  of  the  Physophorida  the 
male  and  female  gonophores  differ  from  one  another  m  form 
and  size,  and  they  are  then  termed  respectively  "andro- 
phores"  and  "gynophores."    As  regards  their  development, 
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the  Physophoridcz  obey  the  same  general  law  as  the  Calyco- 
phoridce. 

In  Physophora  the  hydrosoma  consists  of  a  filiform  coenosarc,  which 
bears  the  polypites  and  their  appendages,  and  dilates  proximally  into  a 
pneumatophore.  Below  this  point  the  coenosarc  bears  a  double  row  of 
nectocalyces,  which  are  channelled  on  their  inner  faces  to  allow  of  their 
attachment  to  the  coenosarc.  There  are  no  hydrophyllia,  but  there  is  a 
series  of  "  hydrocysts  "  on  the  proximal  side  of  the  polypites. 

Physalia,  or  the  Portuguese  man-of-war  (fig.  47,  d)  is  composed  of  a 
large,  bladder-like,  fusiform  "float"  or  pneumatophore — sometimes  from 
eight  to  nine  inches  in  length — upon  the  under  surface  of  which  are  arranged 
a  number  of  polypites,  together  with  highly  contractile  tentacles  of  great 
length,  "hydrocysts,"  and  reproductive  organs.  Physalia  is  of  common 
occurrence,  floating  at  the  surface  of  tropical  seas  ;  and  fleets  of  it  are  not 
uncommonly  driven  upon  our  own  shores. 

In  Velella  (fig.  47,  b)  the  hydrosoma  consists  of  a  widely-expanded  pneu- 
matophore of  a  rhomboidal  shape,  carrying  upon  its  upper  surface  a  dia- 
gonal vertical  crest.  Both  the  horizontal  disc  and  the  vertical  crest  are 
composed  of  a  soft  marginal  "limb,"  and  a  central  more  consistent  "firm 
part."  "To  the  distal  surface  of  the  firm  part  of  the  disc  are  attached  the 
several  appendages,  including — i,  a  single  large  polypite,  nearly  central  in 
position ;  2,  numerous  small  gonoblastidia,  which  resemble  polypites,  and 
are  termed  '  phyogemmaria  ; '  and,  3,  the  reproductive  bodies  to  which 
these  last  give  rise.  The  tentacles  are  attached,  quite  independently  of 
the  polypites,  in  a  single  series  along  the  line  where  the  finn  part  and  limb 
of  the  disc  unite.  There  are  no  hydrocysts,  nectocalyces,  or  hydrophyllia. 
.  .  .  Ofc  all  sides  the  limb  is  traversed  by  an  anastomosing  system  of 
canals,  which  are  ciliated,  and  communicate  with  the  cavities  of  the  phyo- 
gemmaria and  large  central  polypite"  (Greene).  Velella  is  about  two 
inches  in  length  by  one  and  a  half  in  height.  It  is  of  a  beautiful  blue 
colour  and  semi-transparent,  and  it  floats  at  the  surface  of  the  sea,  with  its 
vertical  crest  exposed  to  the  wind  as  a  sail. 


CHAPTER  X. 

DISCOPHORA. 

Sub-class  III.  Discophora  {Acalephce  *  in  part).— Since  the 
sub-class  contains  only  a  single  order,  that  of  the  Medusidce,  a 

*  The  old  sub-class  of  the  Acalephce  contained  the  Gymnophthabnate 
Medusm  (-  the  Discophora),  and  the  Steganophthabnate  Medus(s\-  the 
Lucernarida  in  part),  the  two  being  placed  in  a  single  order  under  the 
natne  of  Ptdvtograda.  The  Acalephce  also  contained  the  Ctenophora  and 
the  CalycophoridcE  and  PhysophoridcE,  of  which  the  former  constituted  the 
order  Ciliograda,  whilst  the  two  latter  made  up  the  order  Physo^-ada 
The  Ctenophora,  however,  are  now  generally  placed  amongst  the  Acttnozoa 
whilst  the  CalycophoridcB  and  Physophoridcz  constitute  the  Hydrozoal  sub- 
class Siphonophora. 
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single  definition  necessarily  suffices  for  both.  The  Medusida. 
are  defined  as  "  Hydrozoa  whose  hydrosoma  is  free  and  oceanic, 
consisting  of  a  single  nectocalyx,  from  the  roof  of  which  a  single 
poly  pile  is  suspmdcd.  The  nectocalyx  is  furnished  with  a  system 
of  canals.  The  reproductive  07'gans  are  as  processes  either  of  the 
sides  of  the  polypite  or  of  the  nectocalycine  canals"  (Greene). 

The  Medusidce  comprise  most  of  the  organisms  commonly 
known  as  Jelly-fishes  or  Sea-nettles,  the  last  name  being  de- 
rived from  the  property  which  some  of  them  possess  of  severely 
stinging  the  hand,  this  power  being  due  to  the  presence  of 
numerous  thread-cells.  As  employed  by  modern  naturalists, 
the  order  is  very  much  restricted,  and  it  is  by  no  means  impro- 
bable that  it  will  ultimately  be  entirely  done  away  with,  very 
many  of  its  members  having  been  shown  to  be  really  the  free 
generative  buds  of  other  Hydrozoa.  As  used  here,  it  corre- 
sponds to  part  of  the  Gymnophthahnate  Medusce  of  Professor 
E.  Forbes,  the  Steganophthalmate  Medusce  of  the  same  author 
being  now  placed  in  the  sub-class  Lucernarida. 

The  hydrosoma  of  one  of  the  Discophora  (  -  a  Gymnoph thai- 
mate  Medusa)  is  composed  of  a  single,  gelatinous,  bell-shaped 
swimming  organ,  the  "nectocalyx"  or  "  disc,"  from  the  roof 
of  which  a  single  polypite  is  suspended  (fig.  48).    The  interior 


Fig.  48.* — Morphology  of  Medusidje.  a  A  Modusoid  {TJtawnantias)  seen  in  profile, 
showing  the  central  polypite,  the  radiating  and  circular  gonocalycine  canals,  the  mar- 
ginal vesicles  and  tentacles,  and  the  reproductive  organs ;  b  The  same  viewed  from 
below.    Tlie  dotted  line  indicates  the  margin  of  the  velum. 

of  the  nectocalyx  is  often  called  the  "  nectosac,"  and  the  term 
"  codonostoma "  has  been  proposed  to  designate  the  open 
mouth  of  the  bell.  The  margin  of  the  nectocalyx  is  produced 
inwards  to  form  a  species  of  shelf,  running  round  the  margin 

*  The  forms  here  figured  (figs.  48,  49),  though  in  all  respects  anatomi- 
cally identical  with  the  true  MeduscE,  and  originally  described  as  such,  are 
now  known  to  be  in  reality  the  medusoid  buds  of  fixed  Hydroids.  They 
illustrate  the  stracture  and  form  of  the  Medust?,  however,  just  as  well  as 
though  they  were  completely  independent  in  their  development. 
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of  the  mouth  of  the  bell,  and  termed  the  "  veil  "  or  "  velum,"  by 
the  presence  of  which  the  nectocalyx  is  distinguished  from  the 
somewhat  similar  "  umbrella  "  of  the  Lucernarida.  The  endo- 
dermal  lining  of  the  central  polypite  or  "  manubrium  "  (some- 
times called  the  "proboscis"')  is  prolonged  into  four,  sometimes 
more,  radiating  canals,  which  run  to  the  periphery  of  the  nec- 
tocalyx, where  they  are  connected  by  a  circular  canal  which  runs 
round  its  circumference,  the  whole  constituting  the  system  of 
the  "  nectocalycine  canals  "  (often  called  the  "  chylaqueous  " 
or  "  gastro-vascular  canals  ").  From  the  circumference  of  the 
nectocalyx  depend  marginal  tentacles,  which  are  usually  hollow 
processes,  composed  of  both  ectoderm  and  endoderm,  and  in 
immediate  connection  with  the  canal  system.  Also  round  the 
circumference  of  the  nectocalyx  are  disposed  certain  "  marginal 
bodies,"  of  which  two  kinds  may  be  distinguished.  Of  these 
the  first  are  termed  "  vesicles,"  and  consist  of  rounded  sacs 
lined  by  epithelium,  and  containing  one  or  more  solid,  motion- 
less concretions — apparently  of  carbonate  of  lime — immersed 
in  a  transparent  fluid.  The  second  class  of  marginal  bodies, 
variously  termed  "  pigment-spots,"  "  eye-specks,"  or  "  ocelli," 
consists  of  little  aggregations  of  pigment  enclosed  in  distinct 
cavities.  The  "  vesicles  "  are  probably  rudimentary  organs  of 
hearing,  and  possibly  the  eye-specks  are  a  rudimentary  form  of 
visual  apparatus.  The  oral  margin  of  the  polypite  may  be 
simple,  or  it  may  be  produced  into  lobes,  which  are  most 
frequently  four  in  number.  The  essential  elements  of  genera- 
tion are  produced  in  simple  expansions  either  of  the  wall  of 
the  manubrium  or  of  the  radiating  nectocalycine  canals. 

From  the  above  description  it  will  be  evident  that  the 
Medusa  is  in  all  essential  respects  identical  in  structure  with 
the  free-swimming  generative  bud  or  gonophore  of  many  of 
the  fixed  and  oceanic  Hydrozoa.  Indeed,  a  great  many  forms 
which  were  previously  included  in  the  Medusidce  have  now 
been  proved  to  be  really  of  this  nature,  and  it  may  fairly  be 
doubted  if  this  will  not  ultimately  be  found  to  apply  to  all. 
As  to  the  value,  however,  of  the  order  Medusidce,  the  present 
state  of  our  knowledge  is  well  expressed  by  the  following  con- 
clusions which  have  been  drawn  up  by  Professor  Greene  : — 

"  I.  That  several  of  the  organisms  formerly  described 
as  Medusidce  are  the  free  gonophores  of  other  orders  of  Hy- 
drozoa. 

"  2.  That  the  homology  of  these  free  gonophores  with  those 
simple  expansions  of  the  body-wall  which  in  Hydra  and  some 
other  genera  are  known  to  be  reproductive  organs  by  their 
contents  alone,  is  proved  alike  by  the  existence  of  numerous 


I2o  MANUAL  OF  ZOOLOGY. 

transitional  forms  and  by  an  appeal  to  the  phenomena  of  their 
development. 

"  3.  That  many  of  the  so-called  Medusida  may,  from  ana- 
logy, be  regarded  as,  in  like  manner,  medusiform  gonophores. 

"  4-  But  that  there  may  exist,  nevertheless,  a  group  of  Medu- 
«^  forms,  which  may  give  rise  by  true  reproduction  to  organisms 


Fig.  4^. — Group  of  "naked -eyed  Medusa."  a  Sarsia  gcvtvtifera,  with  medusoids 
arising  from  the  sides  of  the  central  polypite  (after  Greene);  b  Modeeria  formosa 
(after  Forbes);  c  Polyxenia  Alderi  (after  Gosse). 

directly  resembling  their  parents,  and  therefore  worthy  of  being 
placed  in  a  separate  order  under  the  name  Medusidce." 

The  same  authority  concludes  by  remarking  that  to  the 
order  as  above  defined  "  may  be  referred  provisionally  that 
large  assemblage  of  forms  anatomically  similar  to  true  Medu- 
sidce, but  whose  development  is  unknown."  Besides  the  large 
group  of  forms  thus  temporarily  admitted,  all  the  Trac/iynemide 
and  ^ginida  are  stated  by  Gegenbaur  to  fulfil  the  conditions 
of  the  above  definition,  and  should  therefore  be  looked  upon 
as  true  Medusidce.  The  Geryoniidce,  so  far  as  known  at  pre- 
sent, are  also  developed  directly  from  the  ovum,  and  must 
therefore  find  a  place  here. 

As  to  the  development  of  these  true  Medusidce,  little  is 
known  for  certain.  It  appears,  however,  that  in  Trachyiwna, 
yEginopsis,  and  other  genera,  the  embryo  is  direcdy  developed 
into  a  form  resembling  its  parent,  without  passing  through  any 
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,  intermediate  changes  of  form.  It  is  hardly  necessary  to  remark 

i  that  this  is  not  the  case  with  the  embryos  of  a  medusiform 
gonophore,  these  being  developed  into  the  sexless  Hydrozoon 

.  by  which  the  medusoid  was  produced.  It  has  also  been  shown 
that  various  of  the  true  Medusa  {Ctmina,  ^gineta,  &c.),  have 
the  power  of  producing  new  forms  like  themselves  by  a  process 
of  budding,  the  phenomena  attendant  upon  this  being  some- 
times of  great  interest. 

In  this  connection,  allusion  may  be  made  to  the  long-known 
flict  that  certain  '*  medusiform  gonophores "  are  likewise 
capable  of  producing  independent  forms  directly  resembling 
themselves  by  a  process  of  gemmation,  and  not  by  one  of  true 
eproduction.  Technically  these  are  called  "  tritozooids,"  as 
being  derived  from  organisms  which  are  themselves  but  the 
generative  zooids  of  another  being.  This  singular  phenome- 
non has  been  observed  in  various  medusiform  gonophores  {e.g., 
Sarsia  gemmifera,  fig.  49,  a),  the  buds  springing  in  different 
species  from  the  gonocalycine  canals,  from  the  tentacles,  or 
,from  the  sides  of  the  polypite  or  manubrium. 

The  "  naked-eyed "  MeduscB  and  their  alhes  the  "  medusi- 
form gonophores,"  though  mostly  very  diminutive  in  point  of 

'  size,  are  exceedingly  elegant  and  attractive  when  examined  in 
a  living  condition,  resembling  little  bells  of  transparent  glass 
adorned  here  and  there  with  the  most  brilliant  colours.  They 
occur  in  their  proper  localities  and  at  proper  seasons  in  the 
most  enormous  numbers.  They  are  mostly  phosphorescent, 
3r  capable  of  giving  out  light  at  night,  and  they  appear  to  be 
3ne  of  the  principal  sources  of  the  luminosity  of  the  sea.  It 
aoes  not  seem,  however,  that  they  phosphoresce,  unless  irri- 
ated  or  excited  in  some  manner. 


m^ucernarida,  g  r  a  p  t  o  l i t i d  ^e,  and 
"  hydrocorallinje:. 

:  UB-CLASS  IV.  LucERNARiDA  {Acalepkce,  in  part). — The  mem- 
'j  ers  of  this  sub-class  may  be  defined  as  Hydrozoa  whose 
ydrosoma  has  its  base  developed  into  an  '  umbrella^'  in  the  walls 
f  which  the  reproductive  organs  are  produced"  (Greene). 
H  A  large  number  of  forms  included  in  the  Lucernarida  were 
escribed  by  Edward  Forbes  under  the  name  of  Steganophthal- 
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mate  Medusa,  being  in  nicany  external  characters  closely  similar 
to  the  Medusidce.  These  "  hidden-eyed  " -M'^'/z^i'^  are  familiar 
to  every  one  as  "  sea-blubbers "  or  "  sea-jellies,"  and  they 
occur  in  great  numbers  round  our  coasts  during  the  summer 
months.  The  resemblance  to  the  little  jelly-fishes  is  especially 
strong  between  the  disc  or  "  nectocalyx  "  of  the  true  Medusida 
and  the  "  umbrella  "  of  the  Lucemarida,  the  latter  being  often 
a  bell-shaped  swimming  organ,  with  marginal  tentacles,  and 
containing  one  or  more  polypites.  These  analogous  structures 
(figs.  49  and  52)  are,  however,  distinguished  as  follows: — 

1.  The  "umbrella"  oi  the  Lucernarida 
is  never  furnished  with  a  "  velum,"  as 
is  the  nectocalyx  of  the  Medusidce. 

2.  The  radiating  canals  in  the  former 
are  never  less  than  eight  in  number, 
and  they  send  off  numerous  anastomos- 
ing branches,  which  join  to  form  an 
intricate  network ;  whereas  in  the  lat- 
ter they  are  rarely  more  than  four  in 
number,  and  though  they  may  sub- 
divide, they  do  not  anastomose.  3. 
In  the  place  of  the  separate  and  un- 
protected "vesicles"  and  "ocelli"  of 
the  Medusidce,  the  marginal  bodies  oi 
the  Lzicernarida  consist  of  these  bodies 
combined  together  into  single  organs, 
which  are  termed  "  lithocysts,"  and 
which  are  protected  externally  by  a 
sort  of  hood. 

The  Lucernarida  admit  of  being 
divided  into  three  orders — viz.,  the 
Lticeniariadce,  the  Pelagida,  and  the 
Rhizostomidce. 

Order  I.  Lucernariad^. — This 
order  includes  those  Lucernarida  which 
have  07ily  a  single  polypite,  are  fixed  by  a 
proximal  hydrorhiza,  and  possess  short  iaitacles  on  the  margin  of 
the  umbrella.  The  reproductive  elements  ''are  developed  in  the 
primitive  hydrosoma  without  the  intervention  of  free  zoo  ids 

(Greene).  ,      ,         ^  ^ 

In  Lucernaria  (fig.  5°).  which  may  be  taken  as  the  type  of 
the  order,  the  body  is  campanulate  or  cup-shaped,  and  is 
attached  proximally  at  its  smaller  extremity  by  a  hydrorhiza, 
which,  however,  like  that  of  the  Hydra  is  not_  permanently 
fixed    When  detached,  the  animal  is  able  to  swim  with  toler- 


Fig.  50. — Lucernariadse.  Lu- 
cernaria auricula  attached 
to  a  piece  of  sea-weed  (after 
Johnston). 
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able  rapidity  by  means  of  the  alternate  contraction  and  expan- 
sion of  the  umbrella.  Around  the  margin  of  the  umbrella  are 
tufts  of  short  tentacular  processes,  and  in  its  centre  is  a  poly- 
pite  with  a  quadrangular  four-lobed  mouth.  "In  transverse 
section  the  polypite  may  be  described  as  somewhat  quadri- 
lateral, with  a  sinuous  outline  which  expands  at  its  four  angles 
to  form  as  many  deep  longitudinal  folds,  within  which  the 
simple  generative  bands  are  lodged  "  (Greene).  Wide  longi- 
tudinal canals  are  formed  by  septa  passing  from  the  walls  of 
the  polypite  to  the  inner  surface  of  the  cup,  and  a  circular 
canal  runs  immediately  beneath  the  insertion  of  the  tentacles. 
The  reproductive  elements  are  produced  within  the  body  of 
Lucernaria  itself,  without  the  intervention  of  any  generative 
zooid. 

Order  II.  PELAGiDiE. — This  order  is  defined  as  including 
Lucernarida  which  possess  a  single  polypite  only,  and  aji  umbrella 
with  marginal  tentacles.  The  reproductive  eleme?its  "  are  devel- 
oped in  a  free  umbrella,  which  either  constitutes  the  primitive  hy- 
drosoma,  oris  produced  by  fission  from  an  attached  Lucernaroid'^ 
(Greene). 

Two  types,  therefore,  exist  in  the  Pelagidce.  The  one  type 
is  represented  by  a  fixed  "  trophosome,"  resembling  Lucer- 
fiaria,  but  distinguished  from  it  by  the  fact  that  the  generative 
elements  are  not  developed  in  the  primitive  hydrosoma,  but  in 
a  free  "  gonosome,"  which  is  produced  for  the  purpose.  The 
second  type,  represented  by  Pelagia  itself,  is  permanently  free, 
thereby  differing  from  Lucernaria,  which  it  approaches,  on  the 
other  hand,  in  the  fact  that  its  generative  elements  are  pro- 
duced in  its  own  umbrella  without  the  intervention  of  free  gen- 
erative zooids.  Pelagia,  however,  differs  considerably  in  struc- 
ture from  Lucernaria,  and  in  all  essential  characters  is  not 
anatomically  separable  from  a  Stega7iophthalmate  Medusid. 
The  process  of  reproduction  as  displayed  in  the  first  section  of 
the  PelagidcB  will  be  considered  when  treating  of  that  of  the 
RhizostomidcB,  there  being  no  important  difference  between 
the  two,  except  as  concerns  the  structure  of  the  generative 
zooids. 

Order  III.  Rhizostomid^. — The  members  of  this  order 
are  defined  as  being  Lucernarida  in  which  the  reproductive 
ele77ients  are  developed  in  free  zooids,  produced  by  fission  from 
attached  Lucernaroids.  The  wiibrella  of  the  generative  zooids  is 
without  marginal  tentacles,  and  the  polypites  are  numerous, 
modified,  for nmig  with  the  genitalia  a  dendriform  mass  depending 
from  the  umbrella  "  (Greene). 

The  following  is  a  brief  summary  of  the  life-history  of  a 
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member  of  this  extraordinary  order  (fig.  51),  the  illustration, 
however,  representing  the  development  of  Aurelia,  one  of  the 


Fig.  51. — Development  of  Aitrelia,  one  of  t)\& Litcemartda.  a  Ciliated  free-swimming 
embryo,  or  "  planula  ;  "  b  Hydra-tuba ;  c  Hydra-tuba  in  which  fission  has  consider- 
ably advanced,  and  the  "  Strobila"  stage  has  been  reached  ;  d  Hydra-tuba  in  which 
the  fission  has  proceeded  still  further,  and  a  large  number  of  the  segments  have  been 
already  detached  to  lead  an  independent  existence. 


FelagidcB,  in  which  the  phenomena  are  essentially  the  same. 
The  embryo  is  a  free  -  swimming,  oblong,  ciliated  body, 
termed  a  "  planula  "  {a),  of  a  very  minute  size,  and  composed 
of  an  outer  and  inner  layer,  enclosing  a  central  cavity.  The 
planula  soon  becomes  pear-shaped,  and  a  depression  is  formed 
at  its  larger  end.  "  Next,  the  narrower  end  attaches  itself  to 
some  submarine  body,  whilst  the  depression  at  the  opposite 
extremity,  becoming  deeper  and  deeper,  at  length  communi- 
cates with  the  interior  cavity.  Thus  a  mouth  is  formed, 
around  which  may  be  seen  four  small  protuberances,  the 
rudiments  of  tentacula.  In  the  interspaces  of  these  four 
new  tentacles  arise ;  others  in  quick  succession  make  their 
appearance,  until  a  circlet  of  numerous  filiform  appendages, 
containing  thread  -  cells,  surrounds  the  distal  margin  of  the 
'Hydra -tuba'  {b),  as  the  young  organism  at  this  stage  of 
its  career  has  been  termed  by  Sir  J.  G.  Dalyell.  The  mouth, 
in  the  mean  time,  from  being  a  mere  quadrilateral  orifice, 
grows  and  lengthens  itself  so  as  to  constitute  a  true  polypite, 
occupying  the  axis  of  the  inverted  umbrella  or  disc,  which 
supports  the  marginal  tentacles.  The  space  between  the 
walls  of  the  polypite  and  umbrella  is  divided  into  longitudinal 
canals,  whose  relations  to  the  rest  of  the  organism,  and, 
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indeed,  the  whole  structure  of  Hydra-tiiba,  closely  resemble 
what  may  be  seen  in  Ltuernaria "  (Greene,  Manual  of 
Ccdlenterata).  The  Hydra -tuba  thus  constitutes  the  fixed 
"  Lucernaroid,"  or  the  "  trophosome  "  of  one  of  the  Rhizosto- 
midcB.  In  height  it  is  less  than  half  an  inch,  but  it  possesses 
the  power  of  forming,  by  gemmation,  large  colonies,  which  may 
remain  in  this  condition  for  years,  the  organism  itself  being 
incapable  of  producing  the  essential  elements  of  generation. 
Under  certain  circumstances,  however,  reproductive  zooids  are 
produced  by  the  following  singular  process  (fig.  51).  The 
Hydra-tuba  becomes  elongated,  and  becomes  marked  by  a 
series  of  grooves  or  circular  indentations,  extending  transversely 
across  the  body  from  a  little  below  the  tentacles  to  a  Httle  above 
the  fixed  extremity.  At  this  stage  the  organism  was  described 
as  new  by  Sars,  under  the  name  Scyphistoma."  The  annula- 
tions  or  constrictions  go  on  deepening,  and  become  lobed  at 
their  margin,  till  the  Scyphistoma  assumes  the  aspect  of  a  pile 
of  saucers,  arranged  one  upon  another  with  their  concave 
surfaces  upwards.  This  stage  was  described  by  Sars  under 
the  name  of  '■^  Strobila"  {c).  The  tentacular  fringe  which 
originally  surrounded  the  margin  of  the  Hydra-tuba  now  dis- 
appears, and  a  new  circlet  is  developed  below  the  annulations, 
at  a  point  a  little  above  the  fixed  extremity  of  the  Strobila  {c). 
"The  disc-like  segments  above  the  tentacles  gradually  fall  off, 
and,  swimming  freely  by  the  contractions  of  the  lobed  margin 
which  each  presents,  they  have  been  described  by  Eschscholtz 
as  true  MedusidcB  under  the  name  of  Ephyrce  {d).  Each 
Ephyra,  however,  soon  shows  its  true  nature  by  becoming 
developed  into  a  free-swimming  reproductive  body,  usually  of 
large  size,  with  umbrella,  hooded  lithocysts  and  tentacles, 
constituting,  in  fact,  a  Steganophthahnate  Medusa.  The  re- 
productive zooid  now  swims  freely  by  the  contractions  of  its 
umbrella,  and  it  eats  voraciously  and  increases  largely  in  size. 
The  essential  elements  of  generation  are  then  developed  in 
special  cavities  in  the  umbrella,  and  the  fertilised  ova,  when 
liberated,  appear  as  free-swimming,  ciliated  "planulae,"  which 
fix  themselves,  become  Hydra-tuba,  and  commence  again  the 
cycle  of  phenomena  which  we  have  above  described. 

As  regards  the  size  of  these  reproductive  zooids  as  compared 
with  the  organism  by  which  they  are  given  off,  it  may  be  men- 
tioned that  the  umbrella  of  Cyanea  ardica  has  been  found  in 
one  specimen  to  be  seven  feet  in  diameter,  with  tentacles  more 
than  fifty  feet  in  length,  the  fixed  Lucernaroid  from  which  it 
was  produced  not  being  more  than  half  an  inch  in  height. 

As  regards  the  special  structure  of  these  gigantic  reproduc- 


134 


MANUAL  OF  ZOOLOGY, 


tive  bodies,  considerable  differences  obtain  between  the  Rhizo- 
stomidcB  and  that  section  of  the  PelagidcB  in  which  this  method 
ot  reproduction  is  employed.  In  the  PelagidcB,  namely  the 
generative  zooids  possess  a  general,  though  chiefly  mimetic 
resemblance  both  to  the  genuine  Medusidce  and  to  the  free- 
swimming  medusiform  gonophores  of  so  many  of  the  Hydrozoa 
and  they  have  the  following  structure.    Each  (fig.  52)'consist^ 


wards  the  periphery  of  the  umbrella,  while  the  entire  series 
is  connected  by  a  circular  marginal  canal.  This,  in  turn, 
sends  tubular  processes  into  the  marginal  tentacles,  which 
are  often  of  great  length.  Besides  the  tentacles,  the  margin 
of  the  umbrella  is  furnished  with  a  series  of  peculiar  bodies, 
termed  "lithocysts,"  each  of  which  is  protected  by  a  sort  of 
process  or  hood  derived  from  the  ectoderm,  and  consists 
essentially  of  a  combined  "vesicle"  and  "pigment-spot,"  such 
as  have  been  described  as  occurring  in  the  MedusidcB.  These 
marginal  bodies  likewise  communicate  with  the  ch)daqueous 
canals.  The  reproductive  elements  "  are  lodged  in  saccular 
processes  of  the  lower  portion  of  the  central  cavity,  imme- 
diately above  the  bases  of  the  radiating  canals,  and  being 


Fig.  52. — Hidden-eyed  Medusse.  Generative 
zooid  of  one  of  the  Pelagida  {Chrysaora 
hyoscelld),  after  Gosse. 


of  a  bell-shaped,  gelatin- 
ous disc,  the  "umbrella," 
from  the  roof  of  which  is 
suspended  a  large  poly- 
pite,  the  lips  of  which  are 
extended  into  lobed  pro- 
cesses often  of  considera- 
ble length,  "  the  folds  of 
which  serve  as  temporary 
receptacles  for  the  ova  in 
the  earlier  stages  of  their 
development."  The  poly- 
pite — manubrium  or  pro- 
boscis— is  hollowed  into 
a  digestive  sac,  which 
communicates  with  a  cav- 
ity in  the  roof  of  the  um- 
brella, from  which  arises 
a  series  of  radiating  ca- 
nals, the  so-called  "  chyl- 
aqueous  canals."  These 
canals,  which  are  never 
less  than  eight  in  number, 
branch  freely  and  anasto- 
mose as  they  pass  to- 
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usually  of  some  bright  colour,  form  a  conspicuous  cross  shining 
i  through  the  thickness  of  the  disc"  (Greene).  By  a  series  of 
j  elaborate  experiments,  Mr  G.  J.  Romanes  has  shown  that  the 
contractions  of  the  swimming-bell  of  the  Sea-blubbers  obey 
the  same  laws  as  the  contractions  of  muscular  tissue  generally, 
being  excitable  by  the  same  stimuli,  and  similarly  affected  by 
chemical  reagents.  The  removal  of  the  margin  of  the  umbrella 
causes  a  more  or  less  total  paralysis,  and  the  same  effect  is 
produced  by  the  excision  of  the  marginal  bodies,  showing  that 
these  parts  are  the  seat  of  the  energy  by  which  the  movements 
are  effected. 

In  the  Rhizosto7nidcB  the  reproductive  zooids  (fig.  53),  differ 
from  those  we  have  just  described  as  occuring  in  the  first 
section  of  the  PelagidcB,  in  not  possessing  tentacles  on  the 
margin  of  the  umbrella,  and  in  having  the  simple  central 
polypite  replaced  by  a  composite  dendriform  process,  which 


F'g-  53-— Khizostomidas,  Generative  zooid  of  Rhizosioma  (after  Owen),  a  Um- 
brella; bb  "  Stomatodendra,"  covered  with  clavate  tentacles  and  minute  polypites; 
c  c  Anastomosing  network  of  canals. 

bears  numerous  polypites,  projects  far  below  the  umbrella,  and 
IS  thus  described  by  Professor  Huxley  :— "  In  the  Rhizostomidce 
(fig-  53)j  a  complex,  tree-like  mass,  whose  branches,  the  'stoma- 
todendra,' end  in,  and  are  covered  by,  minute  polypites,  inter- 
spersed with  clavate  tentacula,  is  suspended  from  the  middle 
of  the  umbrella  in  a  very  singular  way.    The  main  trunks  of 
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the  dependent  polypiferous  tree,  in  fact,  unite  above  into  a 
thick,  flat,  quadrate  disc,  the  'syndendrium,'  which  is  suspended 
by  four  stout  pillars,  the  *  dendrostyles,'  one  springing  from  each 
angle,  to  four  corresponding  points  on  the  under  surface  of  the 
umbrella,  equidistant  from  its  centre.  Under  the  middle  of 
the  umbrella,  therefore,  is  a  chamber,  whose  floor  is  formed 
by  the  quadrate  disc,  whilst  its  roof  is  constituted  by  the  under 
wall  of  the  central  cavity  of  the  umbrella,  and  its  sides  are 
open.  The  reproductive  elements  are  developed  within  radiat- 
ing folded  diverticula  of  the  roof  of  this  genital  cavity."  Ac- 
cording to  other  authorities,  however,  the  apparent  polypites 
of  the  "  stomatodendra  "  are  really  mouth-like  apertures  formed 
by  the  extraordinarily  complex  manner  in  which  the  oral  lobes 
are  folded,  and  there  is  then  in  reality  but  one  single  central 
polypite,  hanging  from  the  under  surface  of  the  umbrella. 

It  appears,  finally,  that  amongst  the  old  Pulmograde  Aca- 
lephse,  or  amongst  what  would  commonly  be  called  Jelly-fishes, 
we  have  the  following  distinct  sets  of  beings,  which  resemble 
each  other  more  or  less  closely  in  appearance,  but  differ  in 
their  true  nature  : — 

1.  Free  medusiform  gonophores  of  various  Cd?ry«/^<3!,  Campa- 
nularida,  and  the  Oceanic  Hydrozoa. 

2.  True  Medusidce,  entirely  resembling  the  former  in  anato- 
mical structure,  but  differing  in  the  fact  that  their  ova  do  not 
give  rise  to  a  fixed  zooid,  but  to  free-swimming  organisms  ex- 
actly like  the  parent  hydrosoma  {T?'achy?iemidce,  Geryonidcz, 
and  ySgmidce). 

3.  Hydrozoa,  which  are  provided  with  an  "  umbrella  "  (with 
all  the  peculiarities  belonging  to  this  structure),  but  which  re- 
produce themselves  without  the  intervention  of  free  generative 
zooids  produced  by  fission  {Felagia). 

4.  The  free  generative  zooids  of  most  of  the  Pelagidce,  with 
an  umbrella  and  a  single  polypite,  the  primitive  hydrosoma 
being  fixed  and  sexless  {Aurelta,  Cyajiea,  &c.) 

5.  The  free  generative  zooids  of  the  Rhizostomidce,  with  an 
umbrella  and  a  complex  central  tree  bearing  many  polypites 
{Rhizostoma,  Cephea,  &c.) 

Of  these  five  classes  of  organisms,  Nos.  i  and  2  constitute 
the  Gymnophthalmate  Medusce  of  Professor  E.  Forbes,  whilst 
Nos.  3,  4,  and  5  are  the  Steganophthalmate  Medtisa.  of  the 
same  naturalist. 

Sub-class  V.  Graptolitid^  ( =  Rhabdophora,  Allman). 
—The  organisms  included  at  present  under  this  head  are  all 
extinct,  and  they  are  in  many  respects  so  dissimilar,  and  their 
structure  is  so  far  from  being  entirely  understood,  that  it  is 
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doubtful  if  any  definition  can  be  framed  which  will  include  all 
the  supposed  members  of  the  family.  The  following  definition, 
however,  will  include  all  the  most  typical  Graptolites  : —  _ 

Hydrosoma  compound,  occasionally  branched,  consisting 
of  numerous  polypites  united  by  a 
coenosarc ;  the  latter  being  enclosed  in 
a  strong  tubular  polypary,  whilst  the 
former  were  protected  by  hydrothec^. 
In  the  great  majority  of  Graptolites  the 
hydrosoma  was  certainly  unattached; 
but  in  some  aberrant  forms — doubtfully 
belonging  to  the  sub-class — there  is 
reason  to  believe  that  the  hydrosoma 
was  fixed.  The  polypites  are  never 
separated  from  the  coenosarc  by  any 
partition.  In  many  cases  the  hydro- 
soma was  strengthened  by  a  chitinous 
rod,  the  "solid  axis,"  somewhat  an- 
alogous to  the  chitinous  rod  recently 
described  by  Professor  Allman  in  the 
singular  Polyzoon  Rhabdopleura. 


From  the  above  definition  it  will  be  seen 
that  the  nearest  living  allies  to  the  Graptolites 
are  the  Sertularians.  In  point  of  fact,  if  we 
do  not  insist  upon  the  presence  of  a  "  solid 
axis"  as  part  of  the  definition,  the  Grapto- 
lites differ  from  the  Sertularians  in  no  essential 
point,  save  that  the  hydrosoma  is  ahvays  at- 
tached in  the  latter,  and  vi'as  certainly  free  in 
the  most  typical  examples  of  the  fonner.  In- 
deed, certain  forms  at  present  placed  among 
the  Graptolites — such  as  P lilograptiis  and  Den- 
drograptus — are  so  similar  to  some  living  Sertu- 
larians, that  it  might  be  well  to  remove  them 
altogether  from  the  Graptolitidce,  and  to  regard 
them  as  extinct  representatives  of  the  Sei'tula- 
rida. 

As  regards  the  value  of  the  "solid  axis"  as 


C 


D 


Fig.  54. — A,  Graptolites{Moii- 
ograptits)  priodoti,  Bronn, 
preserved  in  relief :  lateral 
view  slightly  enlarged.  B, 
Dorsal  view  of  a  fragment 
of  the  same  species  :  con- 
siderably enlarged.  C, 
Front  view  of  a  fragment 
of  the  .same,  showing  the 
mouths  of  the  cellules : 
much  enlarged.  D,  trans- 
verse section  of  the  same. 
All  from  the  base  of  the 
Coniston  Flags.  (Orig- 
inal.) 


an  element  in  defining  Graptolites,  it  is  doubt- 
ful if  much  stress  can  be  laid  upon  its  presence  or  absence.  It  is  true 
that  it  is  present  in  all  the  most  characteristic  members  of  the  sub-class, 
but  it  has  not  been  proved  to  be  present  in  some  forms,  which  in  other 
respects  are  quite  typical  members  of  the  group. 

Taking  such  a  simple  Graptolite  as  G.  priodon  (fig.  54)  as 
the  type  of  the  sub-class,  the  hydrosoma  is  found  to  consist  of 
the  "solid  axis,"  the  "common  canal,"  and  the  "cellules." 
The  entire  polypary  is  corneous  and  flexible,  and  the  solid 
axis  is  a  cylindrical  fibrous  rod,  which  gives  support  to  the 
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entire  organism,  and  is  often  prolonged  beyond  one  or  both 
ends  of  the  hydrosoma.  There  is,  however,  every  reason  for 
believing  that  the  so-called  "  solid  axis  "  is  truly  hollow.  The 
common  canal  is  a  tube  which  encloses  the  coenosarc,  and 
gives  origin  to  a  series  of  cellules,  these  being  little  cups 
corresponding  to  "  hydrothecae,"  and  enclosing  the  polypites. 
Not  only  are  the  essential  details  of  the  structure — with  the 
exception  of  the  solid  axis — strictly  comparable  with  that  of  a 
Sertularian,  but  there  is  a  good  evidence  that  the  reproductive 
process,  in  some  forms  at  any  rate,  was  also  carried  on  in  a 
manner  similar  to  what  we  have  seen  in  the  other  Hydroida 
— namely,  by  generative  buds  or  gonophores  enclosed  in 
gonangia. 

No  Graptolite,  however,  has  hitherto  been  certainly  proved  to  have  been 

fixed  by  a  "  hydro rhiza,"  and  it  is  only 
in  certain  aberrant  forms  that  there  are 
any  traces  of  a  "  hydrocaulus." 

Besides  the  simple  forms  of  Grapto- 
lites  with  a  row  of  cellules  on  one  side 
(monopi-ionidian)  (fig.  54),  there  are 
others  with  a  row  of  cellules  on  each  side 
(diprionidian)  (fig.  55).  Many  other 
modifications  are  known  ;  but  there  is 
only  another  peculiarity  which  is  worthy 
of  notice  here.  This  is  the  occurrence 
in  several  genera  of  a  basal  corneous 
disc  or  cup,  which  is  probably  the  ho- 
mologue  of  the  "float  "  or  "pneumato- 
phore  "  of  the  Physophoridse.  (For 
2  irX         distribution  of  Graptolites  see  Distri- 

i  /     11  \        bution  of  Hydrozoa  in  Time. ) 

As  regards  their  mode  of  oc- 
currence, Graptolites  are  usually 
found  as  glistening,  pyritous  im- 
pressions, with  a  silvery  lustre. 
In  some  cases,  however,  they  are 
found  in  relief. 

Sub-class  VI.  Hydrocoral- 
LiN^. — This  name  has  recently 
been  proposed  by  Mr  Moseley 
for  two  groups  of  marine  animals 
which  produce  a  regular  skele- 
ton of  carbonate  of  lime,  often 
of  large  size,  and  which  have  been  generally  referred  to  the 
Corals  {Actinozoa).  One  of  these  groups  comprises  the  well- 
known  Millepora  (fig.  56),  which  is  found  contnbutmg  so 
largely  to  the  formation  of  coral-reefs  in  the  West  Indies  and 


Fig-  SS—DiplograpUts  pristis,  a  diprio 
nidian  Graptolite.  (Original.) 
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Pacific.  The  calcareous  skeleton  of  Millepora  is  mostly  in  the 
form  of  foliaceous  or  laminar  expansions,  stony  in  texture,  with 
a  smooth  surface  studded  with  minute  apertures  of  two  sizes, 
the  larger  of  these-  being  much  the  fewest  (fig.  56,  C).  The 


Fig.  36. — A,  Portion  of  a  mass  Millepora  alcicornis,  of  the  natural  size  ;  B,  Portion 
of  the  same,  cut  open  vertically  to  show  the  larger  tabulate  tubes  (/,  /),  and  the 
spongy  coenosarcal  skeleton  (c,  c),  enlarged  ;  C,  Small  portion  of  th^  surface,  enlarged 
to  show  the  larger  and  smaller  openings  and  c')  inhabited  by  the  different  zooids, 
and  the  reticulated  calcareous  tissue  of  the  skeleton  ;  D,  A  single  polypite,  enlarged, 
showing  the  two  whorls  of  knobbed  tentacles.  (A,  B,  and  C  are  after  Milne-Edwards 
and  Haime ;  D  is  after  Martin  Duncan  and  Major-General  Nelson.) 

larger  openings  are  the  mouths  of  tubes  (fig.  56,  B,/,/),  which 
are  divided  by  transverse  calcareous  partitions  into  a  number 
of  compartments,  only  the  most  superficial  of  these  being 
actually  tenanted  by  the  living  animal.  The  smaller  tubes  are 
similarly  septate  or  "  tabulate,"  and  the  general  tissue  of  the 
skeleton  (fig.  56,  C)  is  composed  of  calcareous  trabeculae 
traversed  by  a  series  of  ramifying  and  anastomosing  coenosarcal 
canals,  which  place  the  tubes  occupied  by  the  zooids  in  direct 
communication. 

Yxom  the  presence  of  transverse  partitions,  or  "  tabulse,"  in 
its  tubes,  Millepora  was  generally  placed  amongst  the  so-called 
"Tabulate  Corals,"  with  the  typical  forms  of  which  it  has  no 
affinity.  Though  its  skeleton  is  abundantly  obtained  in  the 
regions  where  it  occurs,  the  living  animal  has  been  rarely  ob- 
served. The  late  Professor  Agassiz  was  the  first  to  examine 
Millepora  in  its  living  condition,  and  he  was  led  to  the  conclu- 
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sion  that  the  genus  was  unequivocally  referable  to  the  Hydro- 
zoa.  A  similar  conclusion  has  recently  been  reached  by  Mr 
Moseley,  who  had  the  opportunity  of  examining  the  living 
animal  minutely.  According  to  this  observer,  the  colony  of 
Millepora  consists  of  two  kinds  of  zooids.  The  larger  zooids 
occupy  the  larger  tubes,  and  have  a  mouth  and  from  four  to 
six  knobbed  tentacles :  the  smaller  zooids  inhabit  the  smaller 
tubes,  have  no  mouth,  and  have  from  five  to  twenty  tentacles. 
The  body-cavities  of  all  the  zooids  are  united  together  by 
numerous  coenosarcal  canals,  which  ramify  in  the  spongy  skele- 
ton. On  the  other  hand.  Professor  Martin  Duncan  and  Ma- 
jor-General  Nelson  describe  the  polypes  of  Millepora  z.'&\\2M\x\g 
four,  eight,  twelve,  or  more  tentacles,  arranged  in  successive 
whorls,  and  they  regard  its  structure  as  decidedly  Alcyonarian, 
the  animal  being  thus  truly  referable  to  the  Actinozoa.  As  all 
the  compound  Alcyonaria  possess  coenosarcal  tubes  uniting  the 
different  zooids,  and  as  the  reproductive  organs  of  Millepoi'a 
have  not  yet  been  described,  the  proper  systematic  position 
of  the  genus  is  still  open  to  question. 

No  such  doubt,  however,  seems  to  envelop  the  extraordin- 
ary animals  known  as  the  StylasteridcB,  which  have  always  been 
regarded  as  true  Corals.  The  skeleton  in  these  forms  is  a 
branched  calcareous  structure,  closely  resembling  in  many 
respects  some  undoubted  corals  (such  as  Oculina).  Mr 
Moseley  has,  however,  recently  examined  a  number  of  the 
StylasteridcB  in  the  fresh  condition,  and  has  determined  that 
they  are  true  Hydrozoa.  The  colony  consists  of  two  kinds  of 
zooids,  large  and  small.  The  larger  or  "  alimentary  "  zooids 
are  comparatively  few  in  number,  with  a  variable  number  of 
tentacles,  or  sometimes  non-tentaculate,  with  a  mouth,  and 
having  a  special  layer  of  digestive  cells  lining  the  body-cavity. 
The  smaller  or  "  tentaculate  zooids  "  are  much  the  most  num- 
erous, and  are  not  only  like  tentacles  in  shape,  but  are  often 
placed  in  circles  round  the  larger  zooids,  as  if  they  belonged  to 
them.  They  do  not  possess  tentacles  themselves,  they  have  no 
mouths,  and  they  are  devoid  of  a  layer  of  digestive  cells  lining 
the  body-cavity,  their  function  being  apparently  solely  prehen- 
sile. The  cavities  of  the  zooids  are  placed  in  communication 
with  one  another  by  a  complex  system  of  canals  ramifying  in 
the  coenosarcal  skeleton ;  and  the  true  Hydrozoal  character  of 
these  coral-like  forms  is  shown  by  the  fact  that  the  reproduc- 
tive organs  are  situated  outside  the  bodies  of  the  ordinary 
zooids,  being  in  the  form  of  fixed  sporosacs  developed  within 
sac-like  cavities  ("ampullae  ")  in  the  skeleton,  which  at  certam 
periods  communicate  with  the  exterior  by  minute  pores. 
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CHAPTER  XII. 

DISTRIBUTION  OF  THE  HYDROZOA. 

I.  Distribution  of  Hydrozoa  in  Space. — The  genera  of 
Hydrozoa  have  a  wide  distribution,  the  mode  of  reproduction 
amongst  the  fixed  forms  being  such  as  to  insure  their  extension 
over  considerable  areas.  The  various  species  oi  Hydra  zxo. 
of  common  occurrence  in  the  fresh  waters  of  various  regions 
of  the  world.  Cordylophora,  the  sole  remaining  fresh-water 
genus,  has  not  been  found  to  occur  out  of  the  north  temperate 
zone.  All  the  other  Hydrozoa,  without  a  known  exception, 
are  marine  in  their  habits.  The  fixed  forms — viz.,  the  Cory- 
jiida,  Sertularida,  and  Campafiularida — are  represented  more  or 
less  abundantly  in  almost  all  seas,  extending  from  the  littoral 
zone  to  considerable  depths.  The  oceanic  Hydrozoa  {Calyco- 
phoridcB  and  Physophorida)  are  chiefly  characteristic  of  tropical 
seas  j  but  they  are  found  also  in  the  Mediterranean,  and  even 
in  seas  not  far  from,  or  even  within,  the  arctic  circle.  Of  the 
Hydrocoralli7icR,  Millepora  is  found  in  shallow  water  in  the 
coral-reefs  of  the  West  Indies  and  Pacific  Ocean,  and  the 
Stylasterids  mostly  inhabit  the  warmer  oceans,  principally  at 
considerable  depths. 

II.  Distribution  of  Hydrozoa  in  Time. — The  fine-grained  litho- 
graphic slates  of  Solenhofen  and  Eichstadt  have  yielded  impressions  of 
MeduscB  belonging  to  the  existing  families  of  the  ^quoridcB  and  Trachyne- 
inidcB ;  and  the  Lucernarida  are  represented  by  an  ancient  form  of  .tne 
RhizostomidcB  in  the  same  formation.  With  these  exceptions,  however, 
there  are  few^  fossil  remains  which  would  universally  be  conceded  to  be 
of  a  Hydrozoal  nature.  The  Oldhainia  of  the  Cambrian  rocks  of  Ire- 
land has,  indeed,  been  regarded  as  belonging  to  the  Hydrozoa;  but  it  is 
believed  by  Mr  Salter  to  be  really  a  plant.  It  consists  of  a  main  stem  with 
numerous  secondary  branches,  springing  from  the  axis  in  an  umbellate 
manner,  but  exhibiting  no  traces  of  hydrothecEe. 

The  occurrence  of  Corynida  in  a_  fossil  condition,  except  in  a  few  cases, 
can  hardly  be  said  to  be  free  from  doubt.  Remains  possibly  referable  to 
this  order  have  been,  however,  recently  discoveied  in  the  PalcEOzoic  rocks. 
The  oldest  of  these  was  described  by  the  author  some  years  ago  from  the 
Lower  Silurian  rocks  of  Dumfriesshire  under  the  name  of  Corynoides. 
More  lately  a  supposed  Corynid  called  Palaocoryne  has  been  described 
from  the  Carboniferous  rocks  of  Scotland.  Species  of  Hydractinia  have 
also  been  described  from  the  Cretaceous,  Miocene,  and  Pliocene  deposits. 

The  Sertularida  and  Campanularida  are  not  certainly  known  to  occur  in 
a  fossil  condition.  The  fossils  called  Dendrogi-apiics,  Callograptus,  Ptilo- 
graptus,  and  Dictyonema,  all  at  present  placed  amongst  the  Graptolites, 
are,  however,  not  improbably  truly  referable  to  the.  Sertularida. 

There  can  be  little  doubt  but  that  the  large  and  singular  family  of  the 
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Graplolitidce  should  really  be  looked  upon  as  extinct  Hydrozoa,  though 
good  authorities  still  place  them  amongst  the  Folyzoa.    As  regards  their 

distribution  two  facts  are  chiefly 


noticeable.  In  the  first  place,  no 
Graptolite,  except  the  doubtful 
genus  Dictyonenia,  has  hitherto 
been  found  to  occur  above  the 
Silurian  rocks.  The  Graptolites 
may  therefore  be  regarded  as  char- 


Fig-  si—Didymograptus  V-fracUts.         acteristic  fossils  of  the  Silurian 

period.  Secondly,  the  diprioni- 
dian  Graptolites,  or  those  with  a  row  of  cellules  on  each  side  {e.g.,  Diplo- 
g>-aptus  and  Climacograptus),  have  in  Bohemia  alone  been  certainly 
shown  to  occur  above  the  horizon  of  the  Lower  Silurian  rocks.  The 
common  genus  Didymograptus  (comprising  the  ' '  twin  "  Graptolites,  fig. 
57)  is  still  more  characteristic  of  the  Lower  Silurian  period.  In  Didy- 
mograptus the  polypary  consists  of  two  lateral  symmetrical  branches,  with 
cellules  on  one  side  only,  springing  from  a  central  point  or  base,  which  is 
usually  marked  by  a  little  spine  or  "radicle." 

The  Hydrocorallincc  are  not  known  to  be  represented  in  deposits  older 
than  the  Tertiary. 


CHAPTER  XIII. 
ACTINOZOA. 

I.  General  Characters  of  the  Actinozoa.  2.  Char- 
acters OF  the  Zoantharia.  3.  Zoantharia  Mala- 
codermata.  4.  Zoantharia  Sclerobasica.  5.  Zoan- 
tharia Sclerodermata. 

Class  II.  Actinozoa. — The  Actinozoa  are  defined  as  Ccelm- 
teraia  with  a  differentiated  digestive  sac  opaiing  below  into  the 
somatic  cavity,  but  separated  from  the  body-walls  by  an  interveji- 
ing  perivisceral  space"  which  is  divided  i?ito  a  series  of  compart- 
ments by  vertical  partitions  or  "  mesenteries,"  to  the  faces  of  which 
the  reproductive  organs  are  attached. 

The  Actinozoa  (fig.  59),  therefore,  differ  fiindamentally  from 
the  Hydrozoa  in  this,  that  whereas  in  the  latter  the  digestive 
cavity  is  identical  with  the  somatic  cavity,  in  the  former  there 
is  a  distinct  digestive  sac,  which  opens,  indeed,  into  the 
somatic  cavity,  but  is,  nevertheless,  separated  from  it  by  an 
intervening  perivisceral  space.  As  a  result  of  this,  the  body  of 
a  typical  Actinozoon  (fig.  58)  exhibits  on  transverse  section  two 
concentric  tubes,  one  formed  by  the  digestive  sac,  the  other  by 
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the  parietes  of  the  body ;  whereas  the  transverse  section  of  a 
Hydrozoon  exhibits  but  a  single  tube,  formed  by  the  walls  of 
the  combined  digestive  and  somatic  cavity. 

Histologically,  the  tissues  of  the  Adinozoa  are  essentially  the 
same  as  those  of  the  Hydrozoa,  consisting  of  the  two  funda- 
mental layers,  the  "  ectoderm  "  and  the  "  endoderm."  In  the 
Adinozoa,  however,  there  is  a  much  greater  tendency  to  a 
differentiation  of  these  into  specialised  structures,  and  in  some 
members  of  the  class  muscular  fibres  are  well  developed. 
Thus,  the  Sea-anemones  have  a  well  -  developed  series  of 
longitudinal  and  circular  muscular  fibres,  of  which  the  former 


Fig.  58. — A,  Transverse  section  of  a  Hydrozoon,  showing  the  body-cavity  in  the  form 
of  a  single  tube  enclosed  by  the  body-walls.  B,  Transverse  section  of  an  Actinozoon  ; 
J  Digestive  sac;  One  of  the  primary  mesenteries,  dividing  the  body-cavity  into 
vertical  compartments.  Between  the  six  primary  mesenteries  are  seen  the  secondary 
and  tertiary  mesenteries,  which  fall  short  of  the  walls  of  the  stomach,  a  Ectoderm ; 
b  Endoderm 

become  radial  in  the  disc  and  base.  Cilia  are  often  present, 
especially  in  the  interior  of  the  somatic  cavity,  where  they 
serve  to  promote  a  circulation  of  the  digestive  fluids  contained 
therein.  The  sole  digestive  apparatus  in  the  Adinozoa  consists 
of  a  tubular  stomach-sac,  which  communicates  freely  with  the 
outer  world  by  means  of  the  mouth,  and  opens  inferiorly 
directly  into  the  general  body-cavity.  In  most,  the  "peri- 
visceral space "  between  the  body-walls  and  the  digestive  sac 
is  subdivided  into  compartments  by  a  series  of  vertical  lamellae, 
which  are  called  the  "mesenteries"  (fig.  58,  m).  Upon  the 
faces  of  these  are  borne  the  reproductive  organs  in  the  form 
of  band-like  ovaria  or  spermaria.  There  are  no  differentiated 
respiratory  organs  as  a  rule.  Some  forms,  however,  which 
live  half-buried  in  sand  or  mud,  have  lolsed  and  crimped 
organs  attached  to  or  near  the  tentacles,  which  have  been 
supposed  to  act  as  breathing-organs ;  whilst  structures  supposed 
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to  be  gills  are  developed  in  some  Zoanthids  on  either  side  of 
the  primary  mesenteries. 

Thread-cells,  often  of  very  complicated  structure,  are  almost 
universallv  present,  some  few  forms  having  been  asserted  to  be 


Fig.  59. — ^A,  Actinia  inese)nbryaiit}ie7num,  one  of  the  Sea-anemones  (after  Johnston) ; 
B,  section  of  the  same,  showing  the  mouth  {a),  the  stomach  ib),  and  the  bodj'- 
cavity  (c). 


without  them ;  and  some  of  the  Actinozoa  are  able  to  sting 
very  severely. 

A  nervous  system  has  not  yet  been  proved  to  exist  in  the 
Actinozoa  generally,  except  in  the  Ctenophora,  and  in  none  are 
there  any  traces  of  a  vascular  system.  Some  Adinice  are  said 
to  have  short  optic  nerves  distributed  to  the  pigment-masses  at 
the  bases  of  the  tentacles,  and  these  masses  are  clearly  of  a 
sensory  nature ;  whilst  the  same  animals  are  affirmed  to  have 
a  general  nervous  system  as  well. 

Distinct  reproductive  organs  occur  in  all  the  Actinozoa,  but 
these  are  internal,  and  are  never  in  the  form  of  external  pro- 
cesses as  in  the  Hydrozoa.  Sexual  reproduction  occurs  in  all 
the  members  of  the  class,  but  in  many  forms  gemmation  or 
fission  constitutes  an  equally  common  mode  of  increase. 
Some  Actinozoa,  therefore,  such  as  the  common  Sea-anemones, 
are  simple  organisms ;  whilst  others,  such  as  the  reef-building 
corals,  are  composite,  the  act  of  gemmation  or  fission  giving 
rise  to  colonies  composed  of  numerous  zooids  united  by  a 
coenosarc.  In  these  cases  the  separate  zooids  are  termed 
"  polypes,"  the  term  "  polypite "  being  restricted  to  the 
Hydrozoa.     In   the   simple  Actinozoa,  however,  the  term 
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;  "polype"  is  employed  to  designate  the  entire  organism.  In 
I  other  words,  the  "  actinosoma,"  or  entire  body  of  any  Actinozoon, 
i  may  be  composed  of  a  single  "  polype,"  or  of  several  such, 
I  produced  by  a  process  of  continuous  gemmation  or  fission,  and 
united  by  a  common  connecting  structure,  or  ccenosarc. 

Most  of  the  Actinozoa  are  permanently  fixed ;  some,  like  the 
Sea-anemones,  possess  a  small  amount  of  locomotive  power ; 
and  one  order,  the  CtenopJiora,  is  composed  of  highly  active, 
free  -  swimming  organisms.  Some  of  the  Actinozoa  are  un- 
provided with  any  hard  structure  or  support,  as  in  the  Sea- 
.  anemones  and  in  all  the  Ctenophora ;  but  a  large  number 
secrete  a  calcareous  or  horny,  or  partially  calcareous  and 
partially  horny,  framework  or  skeleton,  which  is  termed  the 
"  coral,"  or  "  corallum." 

The  Actinozoa  are  divided  into  four  orders — viz.,  the  Zo- 
antharia,  the  Alcyonaria,  the  Rugosa,  and  the  Ctenophora; 
but  the  last  is  sometimes  placed  amongst  the  Hydrozoa,  and 
it  has  been  recently  proposed  to  remove  the  Ritgosa  also  to 
the  same  class. 

Order  I.  Zoantharia. — The  Zoantharia^  Hexacoralla  or 
"  Helianthoid  Polypes "  are  defined  by  the  disposition  of  their 
soft  parts  in  multiples  of  five  or  six,  typically  the  latter,  and  by 
the  possession  of  siftiple,  tmially  numerous,  tentacles.  There  may 
be  no  corallum,  or  rarely  a  "  sclerobasic  "  one.  Usually  there  is 
a  ^^sclerodermic"  corallum^  in  which  the  septa  in  each  corallite, 
like  the  mesenteries,  are  arranged  in  micltiples  of  five  or  six. 

The  above  characters,  though  distinctive  of  the  Zoantharia 
as  an  order,  are  not  capable  of  universal  application,  since  the 
disposition  of  the  mesenteries  in  sixes  cannot  be  always  re- 
cognised, and  the  tentacles  are  in  rare  instances  fringed  with 
lateral  processes  ("  pinnate  "). 

The  Zoatitharia  are  divided  into  three  sub- orders — the  Zoaji- 
tharia  malacodermata,  the  Z.  sclerobasica,  and  the  Z.  scleroder- 
mata;  according  as  the  corallum  is  entirely  absent  or  very 
rudimentary,  is  "  sclerobasic,"  or  is  "  sclerodermic." 

Sub-order  I.  Zoantharia  malacodermata. — In  this  sec- 
tion of  the  Zoafitha?'ia  there  is  either  no  corallum  or  a  pseudo- 
corallum  in  the  form  of  adventitious  spicules  scattered  through 
the  soft  parts.  The  "actinosoma"  is  usually  composed  of  but 
a  single  polype.  (The  term  "  actinosoma "  is  a  very  con- 
venient one  to  express  in  the  Actinozoa  what  "hydrosoma" 
expresses  in  the  Hydrozoa  —  namely,  the  entire  organism 
whether  simple  or  compound.) 

There  are  three  families  in  this  section,  of  which  the 
AdmidcB  will  require  a  somewhat  detailed  examination,  since 
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they  may  be  taken  as  typical  of  the  entire  class  of  the 
Actinoza. 

Family  I.  Actinid/e.— The  members  of  this  family  are 
commonly  known  as  Sea-anemones,  and  are  distinguished  by 
having  no  corallum,  or  a  spurious  one,  by  being  rarely  com- 
pound, and  by  having  the  power  of  locomotion. 

The  body  of  a  Sea-anemone  (fig.  60,  a)  is  a  truncated  cone, 
or  a  short  cylinder,  termed  the  "  column,"  and  is  of  a  soft 
leathery  consistence.  The  two  extremities  of  the  column  are 
termed  respectively  the  "  base "  and  the  "  disc,"  the  former 
constituting  the  sucker,  whereby  the  animal  attaches  itself  at 
will,  whilst  the  mouth  is  situated  in  the  centre  of  the  latter. 


Fig.  6a — Morphology  of  Actinidse.    a  Aciinia  rosea;  b  Arachiiactis  albida. 

(After  Gosse.) 


Most  Sea-anemones  fix  themselves  by  the  base  to  some  foreign 
object — a  stone  or  a  living  animal — but  others  {Peachia  and 
Edwardsia)  bury  themselves  more  or  less  completely  in  the 
sand.  In  a  few  cases  [Cerianthus  and  Feachid)  the  centre  of 
the  base  is  perforated,  but  the  object  of  this  arrangement  is 
unknown.  Between  the  mouth  and  the  circumference  of  the 
disc  is  a  flat  space,  without  appendages  of  any  kind,  termed  the 
"  peristomial  space."  Round  the  circumference  of  the  disc 
are  placed  numerous  tentacles,  usually  retractile,  arranged  in 
alternating  rows,  and  amounting  to  as  many  as  200  in  number 
in  the  common  Actinia.  The  tentacles  are  tubular  prolongations 
of  the  ectoderm  and  endoderm,  containing  diverticula  from 
the  somatic  chambers,  and  often  having  apertures  at  their 
free  extremities.  The  mouth  leads  directly  into  the  stomach, 
which  is  a  wide  membranous  tube,  opening  by  a  large  aper- 


CCELENTERATA  :  ZOANTHARIA.  I47 


ture  into  the  general  body-cavity  below,  and  extending  about 
j  half-way  between  the  mouth  and  the  base.    The  wide  space 
!  between  the  stomach  and  column -wall  is  subdivided  into  a 
I  number  of  compartments  by  radiating  vertical  lamellae,  termed 
1  the  "  primary  mesenteries,"  arising  on  the  one  hand  from  the 
\  inner  surface  of  the  body-wall,  and  attached  on  the  other  to 
j  the  external  surface  of  the  stomach.    In  reality  the  mesenteries 
1  are  arranged  in  pairs,  the  chamber  between  each  pair  opening 
!  above  into  the  cavity  of  a  tentacle.     As  the  stomach  is 
considerably  shorter  than  the  column,  it  follows  that  the  inner 
edges  of  the  primary  mesenteries  below  the  stomach  are  free ; 
and  these  free  edges,  curving  at  first  outwards  and  then  down- 
wards and  inwards,  are  ultimately  attached  to  the  centre  of  the 
base.    Besides  the  primary  mesenteries,  there  are  other  lamellae 
which  also  arise  from  the  body-wall,  but  which  do  not  reach  so 
far  as  the  outer  surface  of  the  stomach,  and  are  called  "  second- 
'  ary"  and  "tertiary"  mesenteries,  according  to  their  breadth. 
I  The  reproductive  organs  (fig.  29)  are  in  the  form  of  reddish 
bands,  which  contain  ova  and  spermatozoa,  and  are  situated  on 
the  faces  of  the  mesenteries.    Most  of  the  ActinicB  are  dioecious 
— that  is  to  say,  the  same  individual  does  not  develop  both  ova 
and  spermatozoa;  but  some  forms  are  monoecious.    The  free 
edges  of  the  mesenteries  below  the  stomach  are  thickened,  and 
constitute  puckered  and  convoluted  cords     craspeda"),  which 
.  are  richly  furnished  with  thread-cells.    Attached  also  to  the 
■  free  edges  of  the  mesenteries  are  sometimes  found  long  thread- 
like filaments  likewise  crowded  with  thread  -  cells.  These 
peculiar  structures  ("  acontia  ")  appear  to  be  organs  of  offence 
and  defence,  as  they  can,  on  irritation,  be  rapidly  shot  forth 
from  the  mouth,  as  well  as  from  certain  minute  orifices  in  the 
body-wall  ("  cincUdes")  which  appear  to  be  specially  intended 
for  their  emission.    As  regards  their  nervous  system,  nerve- 
cells  and  anastomosing  nerve-fibres  are  stated  to  be  present 
in  the  base  (Martin  Duncan),  and  may  exist  in  other  parts  of 
the  Sea-anemones,  whilst  the  pigment-masses  at  the  bases  of 
the  tentacles  in  some  forms  appear  undoubtedly  to  be  rudi- 
mentary organs  of  vision . 

The  embryo  of  the  AdhiicE  is  a  free-swimming  ciliated  body, 
at  first  rounded,  but  afterwards  somewhat  ovate.  The  rudi- 
mentary mouth  is  soon  marked  out  by  a  depression  at  the 
larger  extremity ;  thread-cells  appear  as  a  layer  in  the  ecto- 
derm ;  a  fold  is  prolonged  inwards  from  the  mouth  to  form 
the  digestive  sac ;  and  the  primitive  tentacles  are  at  first  two 
in  number,  but  are  rapidly  increased  to  six. 
Family  II.  Ilyanthid^. — In  this  family  there  is  no  corallum, 
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and  the  polypes  are  single  and  free,  with  a  rounded  or  tapering 
base.  Ilyanthus  itself  (fig.  61,  B)  is  in  all  essential  respects 
identical  with  the  ordinary  Aai?iice,  but  it  is  of  a  pointed  or 
conical  shape,  the  base  being  much  attenuated,  and  it  leads  a 
free  existence.  Arachnactis  (fig.  60,  b)  is  also  free,  and  accord- 
ing to  Professor  E.  Forbes,  it  can  not  only  swim  like  a  jelly- 
fish, but  "it  can  convert  its  posterior  extremity  into  a  suctorial 
disc,  and  fix  itself  to  bodies  in  the  manner  of  an  Actinia."  It 
is  by  no  means  certain,  however,  that  Arachnactis  is  a  mature 
form,  and  there  is  some  reason  to  suppose  that  it  is  merely  the 
young  stage  of  some  at  present  unknown  Actinozom  (perhaps 
of  Edwardsia). 

Edwardsia  (fig.  61,  A)  has  a  thin  imperforate  base,  and  lives 


Fig.  61. — A,  Edwardsia  calliinorpha  ;  B,  Ilyanthus  Mitclielli,  of  the  natural  size. 

(After  Gosse.) 

buried  to  the  lips  in  mud  or  sand,  the  middle  of  the  body  be- 
ing protected  by  an  epidermic  investment.  This  curious  form 
exhibits,  as  shown  by  Prof  Allman,  many  singular  peculiarities 
of  internal  structure,  amongst  which  the  fact  that  the  soft  parts 
are  in  multiples  of  four  may  be  specially  noted.  The  distin- 
guished authority  just  mentioned  regards  Edwardsia  as  in 
some  respects  intermediate  between  the  ZoantJiaria  and  Alcy- 
onaria,  and  as  related  to  the  extinct  Ri/gosa.  Peachia  and 
.Cerianthus  also  live  buried  in  the  sand,  both  having  the  base 
perforated  by  an  orifice,  whilst  the  latter  further  protects  itself 
by  the  secretion  of  a  loose,  membranous,  non-adherent  tube. 

Family  III.  Zoanthid^. — The  polypes  in  this  family  form 
colonies  united  by  a  fleshy  or  coriaceous  coenosarc,  in  the 
shape  of  a  crust  or  of  creeping  roots,  and  they  have  no  power 
of  locomotion.    The  coenosarc  may  be  strengthened  by  im- 
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bedded  spicules,  adventitious  grains  of  sand,  or  other  foreign 
bodies.    Examples  of  the  family  are  Zoanthus  and  Palythoa. 

Sub-order  II.  Zoantharia  sclerobasica. — The  "  Black 
Corals  "  or  Antipathidce,  which  comprise  this  group,  are  always 
composite,  consisting  of  a  number  of  polypes  united  by  a  thin 
fleshy  ccenosarc,  which  is  spread  over  and  supported  by  a^  simple 
or  more  commonly  branched  hortiy  axis  or  "  sclerobase''  The 
tissues  are  not  furnished  with  calcareous  secretions,  and  the  poly- 
pes have  in  general  six  simple  tentacles. 

The  corallum  or  skeleton  of  the  Antipathidce  is  of  a  horny 
consistence,  its  form  simple  or  branched  in  a  more  or  less 


Fig.  62. — Part  of  the  living  stem     Antipathes  anguina,  of  the  natural  size. 

(After  Dana.) 


complicated  and  plantHke  manner,  and  its  surface  smooth  or 
covered  with  minute  spines.  All  tlie  Antipathidcz  form  colo- 
nies, which  are  rooted  by  the  base  to  some  foreign  object,  and 
which  consist  of  numerous  minute  polypes  united  by  a  fleshy 
ccenosarc  (fig.  62).  The  corallum  is  secreted  by  the  coenosai'c, 
and  thus  forms  an  axis  or  stem  which  is  completely  covered 
during  life  by  the  soft  parts  of  the  colony,  just  as  the  trunk  of 
a  tree  is  covered  by  the  bark.  Owing,  further,  to  the  fact  that 
the  skeleton  is  produced  wholly  by  the  ccenosarc,  the  corallum 
is  wholly  outside  the  polypes,  which  are  themselves  entirely 
destitute  of  hard  structures.  Various  other  Actinozoa  (such  as 
the  Gorgonidce)  possess,  as  we  shall  see,  a  similar  axial  skele- 
ton, secreted  by  the  ccenosarc ;  and  all  such  coralla  are  said 
to  be  "  sclerobasic."  As  coralla  of  this  nature  are  not  formed 
by  hard  structures  deposited  within  the  tissues  of  the  polypes, 
the  general  name  of  "foot-secretion"  has  been  applied  to  them 
by  Prof.  Dana. 

Sub-order  III.  Zoantharia  sclerodermata. — The  mem- 
bers of  this  sub-order  include  the  great  bulk  of  coral-producing 
or  "  coralligenous "  zoophytes  {Madreporaria)  of  recent  seas. 
They  are  defined  by  the  possession  of  a  corallum  which  is 
paiiially  or  wholly  developed  within  the  tissues  of  the  polypes 
themselves  {'^  scleroder7?iic"),  which  does  not  consist  simply  of 
scattered  spicules,  and  in  which  the  parts  are  very  generally  dis- 
posed in  multiples  of  six.    The  actinosoma  may  be  simple,  consist- 
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ing  of  a  single  polype  only,  or  composite,  consisting  of  many 
polypes  imited  by  a  coinosarc. 

As  regards  the  anatomy  of  their  soft  parts,  the  simple  Zomi- 
iharia  scleroderviata  may  be  regarded  as  essentially  Sea-anem- 
ones, whilst  tlie  compound  forms  are  simply  colonies  of  Acti- 
noid  polypes  united  by  a  common  flesh  or  canosarc.  It  is, 
therefore,  only  necessary  to  consider  the  nature  of  the  skeleton 
or  corallum  of  these  forms,  since  the  leading  peculiarities  of 
the  sub-order  are  to  be  found  in  this. 

If  we  examine  first  a  simple  coral  of  this  group,  we  find  that 
we  have  to  deal  with  an  animal  in  all  important  respects  iden- 
tical with  an  ordinary  sea-anemone,  but  having  a  more  or  less 
complicated  skeleton  developed  in  its  interior.    The  animal 


Fig.  63. — Sclerodermic  and  Sclerobasic  Corals,  a  Portion  of  branch  of  Doidrophyllia 
7tigrescens,  a  compound  sclerodermic  coral  (after  Dana);  6  Longitudinal  section  of 
Ish  liippnris,  a  sclerobasic  coral,  exhibiting  the  external  bark  or  coenosarc,  with  its 
embedded  polypes,  supported  by  the  internal  axis  or  skeleton  (after  Jones). 


possesses  a  base,  a  column,  and  a  disc — the  latter  surrounded 
by  tentacles,  and  perforated  centrally  by  the  mouth.  The 
mouth  opens  into  a  stomach-sac,  connected  with  the  body- 
walls  by  mesenteries ;  and  the  tentaculate  disc  and  dependent 
gastric  sac  remain  permanently  soft  and  capable  of  contraction 
and  expansion.  Below  the  stomach,  the  soft  tissues  of  the 
polype  are  strengthened  and  supported  by  a  more  or  less  per- 
fect calcareous  skeleton  or  corallum  (fig.  64).  This  is  com- 
posed of  calcareous  matter  ("  sclerenchyma ")  deposited  by 
and  in  the  tissues  themselves,  between  the  endoderm  and 
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ectoderm,  and  the  corallum  is  thus  within  the  polype,  and  is 
technically  said  to  be  "sclerodermic."  The  "sclerodermic" 
corallum  is,  therefore,  a  true  "tissue-secretion,"  and  thus  differs 
conspicuously  from  the  "  sclerobasis  "  of  the  Antipathida  and 
GorgonidcB.  which  is  secreted  by  the  coenosarc,  and  is  not  formed 
by  a  calcification  of  the  soft  parts  of  the  polypes  themselves. 
The  general  distinction,  arising  from  their  mode  of  formation, 
between  "  sclerobasic  "  and  "  sclerodermic  "  corals  is  not,  per- 
haps, of  essential  importance,  and  the  boundary-line  between 
the  two  is  not  very  clearly  marked  ;  but  it  is  of  considerable 
practical  value.  It  is,  moreover,  a  distinction  which  is  readily 
recognised,  as  a  rule,  by  a  simple  inspection  of  the  corallum 
itself  A  sclerobasic  corallum,  namely,  being  secreted  solely 
by  the  coenosarc  never  exhibits  any  parts  which  correspond 
with  the  separate  polypes  of  the  colony.  On  the  other  hand, 
the  sclerodermic  corallum  (when  not  composed  simply  of 
scattered  spicules)  either  consists  of  a  single  cup-hke  structure, 
corresponding  with  a  single  polype  (fig.  64),  or  of  several  such 
(fig.  63)  united  by  a  common  skeleton. 
A  typical  simple  sclerodermic  corallum  (fig.  64)  is  secreted 


by  a  single  polype,  and  its  structure  presents  an  obvious  cor- 
respondence with  that  of  the  animal  which  produces  it  It  is 
generally  more  or  less  conical  in  shape,  sometimes  discoid 


coral,  twice  the  natural 
1) 
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consisting  of  an  outer  wall  and  included  space.  The  wall  is 
secreted  by  the  mesoderm  of  the  column  and  base,  and  is 
known  as  the  "  theca."  It  may  be  very  imperfect,  or  may  be 
strengthened  by  a  secondary  calcareous  investment  ("epitheca.") 
The  theca  encloses  a  space  which  corresponds  with  the  lower 
part  of  the  body-cavity  of  the  polype,  and  is  known  as  the 
"visceral  chamber."  Superiorly  the  theca  terminates  in  a 
shallower  or  deeper  cup-shaped  depression,  which  contains 
the  stomach-sac  of  the  polype,  and  is  known  as  the  "  calice." 
Below  the  calice,  the  visceral  chamber  is  subdivided  into  a 
number  of  vertical  compartments  ("loculi")  by  a  series  of 
upright  partitions  or  "  septa,"  which  spring  from  the  inner 
surface  of  the  theca,  and  are  directed  inwards  towards  the 
centre.  The  septa  are  calcifications  formed  within  the  me- 
senteries, to  Avhich,  therefore,  they  correspond  in  number  and 
size.  Like  the  mesenteries,  the  septa  are  thus  "primary," 
"secondary,"  and  "tertiary,"  according  to  their  width  (fig.  65). 


Fig.  65. — Diagram  of  the  arrangement  of  the  septa  in  the  Zoantharia  sclerodermata  and 
Ritgosa.  A,  Transverse  section  of  a  simple  sclerodermic  coral  [Turbhiolia),  showing 
the  theca,  with  its  projecting  ridges  or  "costas"  outside,  the  visceral  chamber  and 
radiating  septa  inside,  and  the  columella  in  the  centre  ;  B,  Transverse  section  of  a 
simple  Rugose  coral  {Cyathophylhaii),  showing  the  wall,  costa-,  and  septa. 

The  septa  in  the  adult  sclerodermic  corallum  are  typically  some 
multiple  of  six  in  number,  arranged  in  six  systems  ;  but  this 
rule  is  not  of  universal  application,  and  the  typical  hexameral 
arrangement  may  be  departed  from  altogether.  The  laws  of 
development  of  the  septa  are  complicated,  and  need  not  be 
discussed  here.  On  the  outside  of  the  theca  are  vertical  ridges 
("costte"),  corresponding  with  the  septa  within;  and  the 
centre  of  the  visceral  chamber  may  be  vacant,  or  may  be 
occupied  by  an  axial  rod-like  structure,  which  is  termed  the 
"columella."     The  continuity  of  the  "interseptal  locuh"  is 
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liable  to  be  more  or  less  interfered  with  by  the  development 
of  the  structures  known  as  synapticulce"  "dissepiments,"  and 
"tabulae."  The  "  synapticulas "  are  transverse  calcareous  bars 
which  stretch  across  the  interseptal  loculi,  and  form  a  kind  of 
trellis-work,  uniting  the  opposite  faces  of  adjacent  septa.  They 
are  characteristic  of  the  Fungidce.  The  "  dissepiments  "  are 
commonly  present  in  a  great  many  corals,  and  have  the  form 
of  incomplete,  approximately  horizontal  plates,  which  stretch 
between  adjacent  septa,  and  break  up  the  interseptal  loculi 
into  secondary  compartments  or  cells.  Lastly,  the  "tabulae" 
may  be  regarded  as  highly  developed  dissepiments,  and,  like 
them,  are  approximately  horizontal,  as  a  rule,  at  any  rate. 
They  differ  from  the  dissepiments  in  the  fact  that  they  cut 
across  the  interseptal  loculi  at  the  same  level.  When  fully 
developed  (fig.  66),  they  are  transverse  plates,  which  extend 
completely  across  the  visceral  chamber,  and  divide  it  into  a 
series  of  stories  placed  one  above  the  other,  the  only  living 


Fig.  66.— A,  Portion  of  the  corallum  of  Favosites  favosa,  of  the  natural  size  ;  B,  Portion 
of  four  corallites  oi  Favosites  Gothlatidica,  enlarged,  showing  the  tabulae. 

portion  of  the  coral  being  above  the  last  formed  tabula. 
Tabulae  are  found  in  various  of  the  Zoaiitharia  sdcrodei-mata, 
in  some  of  the  Alcyonaria,  and  in  a  great  many  of  the  Rugosa. 

The  above  gives  the  general  structure  of  a  typical  simple 
sclerodermic  corallum,  as  secreted  by  a  single  polype.  A  ^-i^w- 
sclerodermic  corallum  is  the  aggregate  skeleton  produced 
by  a  colony  of  such  polypes,  and  varies  in  form  and  size  accord- 
ing to  the  characters  of  the  colony  by  which  it  is  produced. 
In  general,  such  a  colony  consists  (fig.  67)  of  a  number  of 
polypes,  which  may  spring  directly  from  one  another,  or  may 
be  united  by  a  common  flesh  or  coenosarc ;  and  corresponding 


154 


MANUAL  OF  ZOOLOGY. 


elements  are  found  in  the  corallum.  In  the  former  instance, 
the  compound  corallum  consists  of  an  assemblage  of  separate 


Fig.  67. — AstrcBa  pallida,  a  compound  sclerodermic  coral,  in  its  living  condition. 

(After  Dana  ) 


"  corallites,"  as  the  skeletons  of  the  individual  polypes  are 
called,  these  being  united  with  one  another  directly  and  in 
various  ways.  In  the  latter  instance  the  corallum  consists  of 
a  number  of  "  corallites,"  and  of  a  common  calcareous  basis 
or  tissue,  which  unites  the  various  corallites  into  a  whole,  is 
secreted  by  the  coenosarc,  and  is  known  as  the  "  coenenchyma." 

The  compound  coralla  are,  of  course,  primitively  simple,  and  they  be- 
come composite  either  by  budding  or  by  cleavage  of  the  original  polype. 
The  following  are  the  principal  methods  in  which  this  increase  is  effected  ; 
and  in  considering  this  subject  briefly,  it  will  be  as  well  to  take  into  account 
not  only  the  Zoantharia  sclerodei-inata,  but  also  the  Rugosa,  the  modes  of 
increase  in  the  two  groups  being  very  similar: — (i.)  Lateral  or  parietal 
ge7nmation. — In  this  mode  of  increase  the  original  polype  throws  out  buds 
from  some  point  on  its  sides  between  the  base  and  the  circle  of  tentacles, 
and  these  buds  on  becoming  perfect  corallites  may  repeat  the  process. 
This  is  one  of  the  commonest  modes  of  growth  amongst  the  recent  corals, 
and  it  gives  rise  chiefly  to  dendroid  or  tree-like  corals. 

(2. )  Basal  gemmation. — In  this  method  the  original  polype  gives  forth 
from  its  base  a  rudimentary  coenosarc,  from  which  new  buds  are  thrown  up, 
and  which  may  have  the  form  of  foot-like  prolongations  or  of  a  continuous 
horizontal  expansion.  The  resulting  coralla  are  usually  massive  or  encrust- 
ing, and  the  youngest  corallites  are,  of  course,  those  placed  on  the  peri- 
pheiy  of  the  colony. 

(3.)  Calicular  gemmation. — This  consists  in  the  production  of  buds  from 
the  calicine  disc  of  the  parent  corallite,  which  may  or  may  not  continue  to 
grow  thereafter,  whilst  the  new  corallites  thus  produced  generally  repeat 
the  process.  This  mode  of  growth  is  exceedingly  rare  amongst  the  Zoait- 
tharia  sclerodermata,  and  is  never  typically  exhibited ;  but  it  is  a  charac- 
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I  teristic  feature  in  many  of  the  Rugose  corals.    In  many  of  these  (fig.  68), 
the  original  polype  throws  up  from  its  calicine  disc  one  or  more  new  coral- 
iites,  which  kill  the  parent.    These,  in  turn,  produce  others  after  a  similar 
fashion,  till  the  entire  corallum  assumes 
the  fonii  of  an  inverted  pyramidal  mass 
resting  upon  the  original  budding  poly- 

j  pe.     In  other  Rugose  corals  the  cali- 

\  cine  disc  gives  off  but  a  single  bud, 

j|!  which  may  repeat  the  process  indefin- 

I  itely  till  the  corallum  presents  the  ap- 
pearance of  a  succession  of  inverted 
cones  placed  one  above  the  other. 

(4.)  Fission.  — This  process  in  the 

(  corailigenous  Actinozoa  is  usually  effect- 
ed by  "  oral  cleavage,"  the  divisional 
groove  commencing  at  the  oral  disc,  and 
deepening  to  a  greater  or  less  extent, 
the  proximal  extremity  always  remain- 
ing undivided.    According  to  Dana,  in 
fission  a  new  mouth  is  formed  in  the 
disc  near  the  old  mouth,  and  a  new 
stomach  is  formed  for  the  new  mouth.     Fig.  68.— Calicular  gemmation  as  seen 
round  which  the  new  tentacles  are  then      in  Lonsdaleia  Jlorifonnis.  Car- 
developed.      This,  therefore,  is  not,  boniferous. 
strictly  speaking,    a  subdivision  into 

halves  ;  since  one  half  carries  off  the  old  mouth  and  stomach.  More  rarely, 
fission  "is  effected  by  the  separation  of  small  portions  from  the  attached 
base  of  the  primitive  organism,  whose  form  and  structure  they  subsequently, 
by  gradual  development,  tend  to  assume." 

"The  coral-structures  which  result  from  a  repetition  of  the  fissiparous 
process  are  of  two  principal  kinds,  according  as  they  tend  most  to  increase 
in  a  vertical  or  in  a  horizontal  direction.  In  the  first  of  these  cases  the 
corallum  is  cccspilose,  or  tufted,  convex  on  its  distal  aspect,  and  resolvable 
into  a  succession  of  short  diverging  pairs  of  branches,  each  resulting  from 
the  division  of  a  single  corallite. "  In  the  second  case  the  coral  becomes 
lamellar.  "Here  the  secondary  corallites  are  united  throughout  their 
whole  height,  and  disposed  in  a  linear  series,  the  entire  mass  presenting 
one  continuous  theca."  Both  these  forms  of  corallum  "  are  liable  to  be- 
come massive  by  the  union  of  several  rows  or  tufts  of  corallites  throughout 
the  whole  or  a  portion  of  their  height.  An  illustration  of  this  is  afforded 
by  the  large  gyrate  corallum  of  Meandrina,  over  the  surface  of  whose 
spheroidal  mass  the  calicine  region  of  the  combined  corallites  winds  in  so 
complex  a  manner  as  at  once  to  suggest  that  resemblance  to  the  convolu- 
tions of  the  brain  which  its  popular  name  of  Brain-stone  Coral  has  been 
devised  to  indicate  "  (Greene). 

The  Zoaniharia  sckrodermata  are  divided  into  the  four  follow- 
ing groups,  founded  upon  the  characters  of  the  corallum  : — 

1.  Aporosa. — The  calcareous  tissue  of  the  corallum  is  more  or  less 
compact  and  imperforate  ;  the  septa  usually  constituting  complete  solid 
plates,  and  the  theca  being  as  a  rule  not  pierced  by  any  apertures.  Dissepi- 
ments or  synapticulce  are  usually  present,  but  tabulee  are  rarely  developed. 
This  section  includes  the  most  highly  developed  of  existing  corals  ( Tur- 
Unolidce,  OculinidcB,  Astrcridcc,  Fungida:,  &c.). 

2.  Perforata. — The  calcareous  tissue  of  the  corallum  is  more  or  less 
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porous,  loosely  aggregated,  spongy,  or  reticulate,  the  walls  in  all  being 
perforated  with  more  or  fewer  apertures.  The  septa  are  generally  well 
developed,  but  they  are  also  perforated  by  apertures,  and  may  be  simply 
trabecular.  Imperfect  dissepiments  may  be  present,  and  in  a  few  cases 
there  are  well-developed  tabulte  ;  but  the  visceral  chamber  is  usually  more 
or  less  completely  open  from  top  to  bottom.  The  three  families  comprised 
in  this  section  are  the  Eupsammida: ,  the  Madreporida,  and  the  PoritidcE. 

3.  Tabulata. — The  visceral  chamber  is  divided  into  stories  by  well- 
developed  tabulaj,  and  the  septa  are  rudimentary  or  absent.  This  group 
is  a  merely  provisional  one,  and  its  value  is  quite  uncertain.  Amongst  the 
recent  "Tabulate  corals,"  Millepora  (fig.  56)  has  been  shown  to  be  pro- 
bably a  Hydrozoon ;  Heliopoi'a,  as  we  shall  see,  has  been  proved  to  be  an 
Alcyonariaii,  and  carries  with  it  a  number  of  extinct  forms  ;  whilst  PocU- 
lopora  has  been  shown  to  be  a  member  of  the  Aporose  section  of  the  Zoan- 
tharia  scleroden7iata.  There  remain,  however,  a  number  of  fossil  corals, 
such  as  Favosites  (fig.  66)  and  its  allies,  Chatetes  and  its  allies,  Syringopora, 
Haly sites,  Tliecia,  &c.,  which  cannot  at  present  be  positively  classed,  and 
which  may  be  temporarily  retained  as  constituting  a  *'  Tabulate"  section  of 
the  Zoantharia  sclerodermata. 

4.  Tubiilosa. — Corallum,  simple  or  compound,  the  thecae  trumpet-shaped, 
tubular  or  pyriform,  without  tabulae,  and  having  the  septa  indicated  by 
mere  striee  on  the  inner  surface  of  the  wall.  This  is,  like  the  Tabulata,  a 
provisional  group,  and  it  is  doubtful  if  it  can  be  retained  in  the  Zoajitharia. 
It  includes  only  the  Palseozoic  genera  Aulopora  and  Pyrgia. 


CHAPTER  XIV. 

ALCYONARIA. 

Order  II.  Alcyonaria. — The  second  great  division  of  living 
Actinozoa  is  that  of  the  Alcyonaria,  defined  by  the  possession 
of  polypes  with  eight  pinnately-fi'inged  tentacles,  the  mesenteries 
and  somatic  chambers  being  also  some  multiple  of  four.  The  cor- 
allum, when  present,  is  usually  sclerobasic,  orspicular;  if^^theccR" 
are  present,  as  is  rarely  the  case,  septa  are  wanting  or  rudimentary. 

The  Alcyonaria  or  "Asteroid  Polypes"  differ  numerically 
from  the  Zoantharia  in  having  their  soft  parts  arranged  in 
multiples  of  four,  instead  of  five  or  six,  as  in  the  latter,  whilst 
the  septa  are  not  in  pairs.  Their  tentacles,  too,  are  pinnate, 
and  are  not  simply  rounded.  Numerically,  the  Alcyonaria 
agree  with  the  extinct  order  Rugosa  ;  but  the  latter  invariably 
possess  a  well-developed  sclerodermic  corallum,  the  thec«  of 
which  exhibit  either  septa  or  tabulae,  or  both  combined. 

With  the  exception  of  two  genera  {Haimeia  and  Haiiea), 
both  of  which  are  possibly  founded  upon  immature  forms,  the 
Alcyonaria  are  all  composite,  the  tubular  polypes  being  united 
by  a  ccenosarc,  and  their  body-cavities  being  placed  in  com- 
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raunication  by  means  of  anastomosing  canals,  which  ramify  in 
the  coenosarc,  and  permit  of  a  free  circulation  of  nutrient  fluids. 
The  form  of  the  colony  differs  greatly  in  different  cases,  but 
none  possess  the  power  of  independent  locomotion,  most  being 
rooted  to  foreign  objects,  or  sunk  in  the  mud,  whilst  some  float 
freely  in  the  sea.  The  polypes,  in  most  of  the  essential  points 
of  their  organisation,  agree  with  those  of  the  Zoantharia,  the 
mouth  opening  into  a  tubular  stomach,  which  in  turn  com- 
municates freely  with  the  body-cavity,  and  the  stomach-sac 
being  connected  with  the  body-wall  by  means  of  a  series  of 
vertical  membranous  laminae  or  "  mesenteries."  The  mesen- 
teries, however,  are  only  eight  in  number,  and  are  not  paired, 
one  of  the  tentacles  corresponding  with  and  opening  into  each 
intermesenteric  chamber.  A  corallum  may  be  wanting,  and 
when  present  its  structure  varies.  In  some  cases,  lastly,  it  has 
been  shown  that  the  actinosoma  normally  consists  of  two  kinds 
of  polypes — one  sexual,  the  other  sexless  and  permanently 
rudimentary.  The  Alcyonaria  are  divided  into  five  families — 
viz.,  the  Alcyo7iida,  the  Tuhipoi'idcB,  the  PennatulidcB,  the  Gor- 
gofiidce,  and  the  HelioporidcE. 

Family  I.  Alcyonid^. — This  family  is  characterised  by 
the  possession  of  a  fixed  actinosoma,  which  is  provided  with  a 
sclerodermic  corallitm  in  the  form  of  calcareous  spicula  embedded 
in  the  tissues.  The  spicules  are  mostly  fusiform  in  shape,  and 
are  generally  present  both  in  the  polypes  themselves  and  in 
the  connecting  coenosarc ;  but  there  is  no  central  solid  axis. 

Alcyonium  may  be  taken  as  the  type  of  the  family,  and  it 
is  well  known  to  fishermen  under  the  name  of  "  Dead-men's 
fingers."  It  forms  spongy-looking,  orange-coloured  crusts  or 
lobate  masses,  which  are  attached  to  submarine  objects,  and 
are  covered  with  little  stellate  apertures,  through  which  the 
delicate  polypes  can  be  protruded  and  retracted  at  will.  The 
polypes  communicate  with  one  another  by  an  anastomosing 
system  of  aquiferous  tubes,  and  the  corallum  is  in  the  form 
of  cruciform,  calcareous  spicula  scattered  through  its  sub- 
stance. In  the  allied  Sa^rodictyon  the  actinosoma  is  creeping 
and  hnear. 

In  Xenia  the  colony  is  branched,  and  the  polypes  are  non- 
retractile;  and  in  Anthelia  and  Sympodium  the  actinosoma 
has  the  form  of  a  membranous  crust  attacfied  to  foreign 
bodies.  Lastly,  in  Sarcophyton  (as  shown  by  Moseley)  the 
colony  consists  of  reproductive  zooids,  which  have  generative 
organs  and  tentacles,  and  of  sexless  zooids,  which  have  neither 
of  these  organs,  but  possess  a  mouth  and  stomach-sac. 

Family  II.  Tubiporid^. — In  the  Tubiporidce,  or^'orp-an- 
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pipe  corals,  of  which  T.  musica  (fig.  69)  is  a  familiar  example 
there  is  a  well-developed  sclerodermic  corallwn,  with  thecce,  bilt 
wtthoiLt  septa.  The  corallum  is  composed  of  a  number  of 
bright-red,  tubular,  cylindrical  thecje,  which  are  united  toge- 
ther externally  by  horizontal  plates  or  floors,  which  appear  to 
be  formed  by  periodical  extensions  from  the  mouths  of  the 
tubes.  The  polypes  are  usually  bright  green  in  colour,  and 
possess  eight  tentacles  each. 

As  shown  by  Prof.  Perceval  Wright,  the  tubes  of  Tubipora 
are  in  reality  composed  of  fused  spicules;  and  the  polypes 


Fig.  69.— A,  Portion  of  the  corallum  of  Tubipora  vnisica,  of  the  natural  size,  showing 
the  tubular  corallites  and  their  connecting  floors  ;  B,  Polype  of  the  same,  greatly  en- 
larged, showing  the  mouth  and  tentacles. 

when  alarmed  retract  themselves  within  their  tubes,  the  upper 
portions  of  which  are  composed  of  loose  fusiform  spicules,  and 
are  thus  capable  of  withdrawal  into  the  lower  dense  portion  of 
the  theccC. 

Family  III.  Pennatulid^. — The  PennatulidcB,  or  "Sea- 
pens,"  are  defined  by  their  free  habit,  and  by  the  possession 
of  a  sclerobasic,  7'od-like  corallum,  sometimes  associated  with  sclero- 
dermic spicules. 

Pennatula  (fig  70),  or  the  "  Cock's-comb,"  consists  of  a  free 
coenosarc,  the  upper  end  of  which  is  fringed  on  both  sides 
with  feather-like  lateral  pinnas,  which  bear  the  polypes ;  whilst 
its  proximal  end  is  smooth  and  fleshy,  and  is  probably  sunk  in 
the  mud  of  th^  sea-bottom.  This  latter  portion  of  the  cceno- 
sarc  is  likewise  strengthened  by  a  long,  slender,  styliforni 
sclerobasis,  resembling  a  rod  in  shape,  whilst  spicula  occur 
also  in  the  tentacles  and  ectoderm.  The  general  colour  of 
Pejinatula  is  a  deep  reddish  purple,  the  proximal  extremity 
of  the  coenosarc  being  orange-yellow.     The  common  British 
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Species  {Fennatiila  phospJio7'ea)  varies  from  two  to  four  inches 
in  length,  and  is  found  on  muddy  bottoms  in  tolerably  deep 


water.  Its  specific  name  is  derived  from  the  fact  that  it  phos- 
phoresces brilliantly  when  irritated. 

In  Virgularia  (fig.  72),  which,  like  Peiinatula,  occurs  not 
uncommonly  in  British  seas,  the  actinosoma  is  much  longer 
and  more  slender  than  in  the  preceding,  and  the  polype-bear- 
ing fringes  are  short.  The  polypes  have  eight  tentacles.  The 
sclerobasis  is  in  the  form  of  a  long  calcareous  rod,  like  a  knit- 
ting-needle, and  part  of  it  is  usually  naked.  No  spicula  are 
found  in  the  tissues  of  Virgularia.  In  the  nearly-allied  Favo- 
naria  the  polype-mass  is  quadrangular  in  shape. 

In  Vereiilhcm  (fig.  71),  the  upper  portion  of  the  colony  is 
short  and  club-shaped,  and  carries  the  polypes  all  round  its 
circumference,  and  the  same  is  the  case  in  Cophobelemtion ; 
whilst  in  Renilla  the  polypes  are  unilateral,  and  the,  poly- 
piferous  coenosarc  is  thin  and  reniform. 

In  many  of  the  Peniiatulidoe,  as  originally  shown  by  K511iker, 
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Pennatulidae. 
irgidariaviircibilis. 
a  A  portion  of  the  stem 
in  the  living  condition, 
enlarged  ;  b  Portion  of 
the  stem  in  its  dead 
condition. 


the  actinosoma  consists  of  two  classes  of  zooids— the  one  com- 
posed of  sexually  mature  polypes,  the  other,  more  numerous, 

of  sexless  polypes — which  have  a  body- 
cavity  and  stomach,  but  have  neither 
mouth  nor  tentacles.  These  sexless  zooids 
may  be  distributed  promiscuously  over 
the  whole  actinosoma  ( Veretillic7n,  &c.),  or 
they  may  be  restricted  to  definite  regions 
{Fennatida,  Virgidaria).  Whilst  many  of 
the  Pennatulidce  seem  to  live  habitually 
sunk  partially  in  the  mud  of  the  sea- 
bottom,  others  are  found  freely  floating  in 
the  water,  and  their  mode  of  life  is  not 
completely  understood. 

Family  IV.  Gorgonid^. — In  the  Gor- 
gonidce,  or  "Sea-shrubs,"  there  is  a?i  arbor- 
escmt  ccenosarc  per?na?witly  rooted  and  pro- 
vided with  a  grooved^  or  sulcate,  branched 
sclerobasis,  associated  with  ti-iie  tissue-secre- 
tions, termed  dermosclerites." 

The  sclerobasis  of  the  Gorgonidce  varies  a  good  deal  in  its 
composition.  In  some  it  is  corneous,  and  these  have  often 
been  confounded  with  the  Antipathidce,  amongst  the  Zoan- 
tharia.  The  distinction,  however,  between  them  is  easy,  when 
it  is  remembered  that  the  polypes  in  the  Gorgoiiidce  have 
tentacles  in  multiples  of  four,  whilst  in  the  AntipathidcB  they 
are  in  sixes.  The  sclerobasis,  too,  in  the  former  is  always 
marked  by  grooves,  whereas  in  the  latter  it  is  always  either 
smooth  or  spinulous.  In  Isis  (fig.  63,  b)  and  Mopsea  the 
sclerobasis  consists  of  alternate  calcareous  and  horny  seg- 
ments, branches  being  developed  in  the  former  from  the 
calcareous,  and  in  the  latter  from  the  horny  segments. 

In  Corallium  rubrum,  the  "red  coral"  of  commerce  (fig. 
73),  the  sclerobasis  is  unarticulate,  or  unjointed,  and  is  entirely 
calcareous.  It  is  the  most  familiar  member  of  the  family,  and 
is  largely  imported  for  ornamental  purposes.  Red  coral  con- 
sists of  a  branched,  densely  calcareous  sclerobasis,  which  is 
finely  grooved  upon  its  surface,  is  of  a  bright-red  colour,  and  is 
in  reality  composed  of  fused  spicules.  The  corallum  is  in- 
vested by  a  ccenosarc,  also  of  a  red  colour,  which  is  studded 
by  the  apertures  for  the  polypes,  which  are  white,  and  possess 
eight  pinnately-fringed  tentacles.  The  entire  ccenosarc  is 
channelled  out  by  a  number  of  anastomosing  canals,  which 
communicate  with  the  somatic  cavities  of  the  polypes,  and  are 
said  to  be  in  direct  communication  with  the  external  medium 
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'means  of  numerous  perforations  in  their  walls'.    The  entire 


Fig.  73. — Red  Coral  {Coralliian  rjtbrum)  of  the  natural  size,  and  a  portion  enlarged. 


In  the  typical  Gorgonice  the  sclerobasis  is  horny,  and  more 
or  less  arborescent,  and  the  same  is  the  case  in  the  "  Fan 
Corals"  iyRhipidogorgia)^  in  which  the  corallum  has  the  form 
of  a  regularly  reticulate  fan-shaped  expansioti.  The  soft  tissues 
of  the  GorgonidcB  are  abundantly  supplied  with  sclerodermic 
secretions  in  the  form  of  calcareous  spicules  of  very  various 
shapes,  and  often  of  very  brilliant  colours,  which  are  in  many 
instances  of  such  characteristic  figures  that  they  can  be  em- 
ployed as  a  ground  of  generic  distinction.  These  spicules 
("  sclerites  ")  are  very  generally  buried  in  the  soft  tissues,  but 
they  may  project  beyond  the  surface  of  the  coenosarc  in  such 
numbers  as  to  render  the  integument  rough  and  prickly. 

Family  V.  Helioporid.e. — The  Alcyonarians  of  this  group 
possess  a  well-developed  sclerodermic  corallum,  composed  of  tabu- 
late tubes  of  two  sizes,  the  larger  ones  being  furnished  with  rudi- 
I  mentary  septal  lamince. 

ThefsLmily  Ifelioporidce  has  been  recentlyfoundedby  Mr  Mose- 
ley  for  the  reception  of  the  living  Heliopora  ccerulea  (fig.  74),  and 
of  a  number  of  extinct  corals  previously  placed  in  the  "Tabu- 
late" section  of  the  Zoantharia  sclcrodertmta.    In  Heliopora 
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the  corallum  is  composite  and  sclerodermic,  and  composed  of 
coralhtes  united  by  what  has  usually  been  regarded  as  a 
"ccenenchyma."  The  corallites  are  tubular,  crossed  by  well- 
developed  tabulae,  and  having  their  walls  folded  in  such  a 


c 


Fig.  74.— A,  Portion  of  the  corallum  of  Heliopora  ctenilea,  of  the  natural  size  (after 
Milne-Edwards) ;  B,  Portion  of  the  surface  of  a  branch  of  Heliopora  ccentlea,  magni- 
fied eight  diameters  (after  Moseley);  c,  c,  c  the  openings  ("calices  ")  of  the  corallites, 
surrounded  by  the  smaller  tubes  of  the  ccenenchyma. 

manner  as  to  give  rise  to  a  variable  number  (generally  twelve) 
of  septal  laminae.  The  ccenenchyma,  so-called,  is  composed 
of  slender  tubes,  of  smaller  size  than  the  true  corallites,  packed 
closely  side  by  side,  crossed,  like  the  corallites,  by  regular 
transverse  tabulae,  but  destitute  of  septa.  The  soft  parts 
occupy  only  the  parts  of  the  corallum  above  the  uppermost 
tabulae,  and  therefore  only  a  surface  -  layer  of  the  colony  is 
actually  alive.  The  polypes  are  completely  retractile,  with 
eight  pinnately-fringed  tentacles,  and  eight  mesenteries.  The 
mesenteries,  however,  have  no  correspondence  with  the  septa, 
which  are  twelve  in  number  as  a  rule.  The  septa  are  thus 
seen  to  be  pseudo-septa,  and  they  cannot  be  regarded  as  being 
homologous  with  the  septa  of  the  Zoantharia  sdeivdermata. 
The  so-called  ccenenchymal  tubes  are  occupied  by  sacs  lined 
by  the  endoderm,  which  are  closed  externally,  but  communicate 
freely  with  the  body-cavities  of  the  polypes  by  means  of  transverse 
canals ;  and  Mr  Moseley  suggests,  with  great  probability,  that 
these  are  really  of  the  nature  of  rudimentary  sexless  polypes.  _ 
Now  that  the  fact  is  established  that  the  living  Heliopora  is 
a  true  Alcyonariaii,  it  is  necessary  to  remove  to  this  order  a 
number  of  well-known  fossil  corals,  principally  Palaeozoic,  of 
which  Heliolites  may  be  taken  as  the  type,  and  which  were  for- 
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merly  regarded  as  belonging  to  the  "  Tabulate  "  section  of  the 
Zoantharia  sclerodennata.  In  Heliolites  (fig.  75),  there  is  a 
well  -  developed  sclerodermic  corallum,  with  comparatively 
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Fig.  75. — A,  Small  colony  of  Heliolites  wegastovta,  of  the  natural  size ;  B,  Small 
portion  of  the  surface  of  the  same,  magnified,  showing  the  calices  (a)  and  the  mouths 
of  the  coanenchymal  tubes  {b) ;  C,  Vertical  section  of  the  same,  enlarged,  showing 
the  tabulate  corallites  [a),  and  the  tabulate  tubes  of  the  coenenchyma  (3).    (Original. ) 

large-sized,  tubular,  regularly  tabulate  corallites,  usually  possess- 
ing distinct  but  rudimentary  septa,  intermingled  with  a  copi- 
ous coenenchyma  formed  of  tabulate  geometric  tubuli,  much 
smaller  than  the  corallites,  and  destitute  of  septa.  With  Helio- 
lites must  be  placed  the  equally  extinct  Plasjiiopora^  Propora^ 
Folytremacis,  &c. 


CHAPTER  XV. 
RUGOSA. 

The  members  of  this  order  agree  with  the  Zoantharia  sdero- 
dermata  in  possessing  a  well-developed  sclerodermic  corallum^ 
with  a  true  theca,  but  generally  possessing  both  tabulce  and  septa 
combined.  The  septa,  however,  are  generally  {though  apparently 
not  always)  some  micltiple  of  four,  and  there  is  commonly  a  single 
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predominant  septum  [someivnes  three  stick),  or  a  vacant  space 
{fossiila)  representing  such  a  septum.  Some  of  the  Rugosa  are 
simple,  others  are  compound;  but  the  latter  are  destitute  of  a 
true  coenenchyma.  The  mode  of  increase  in  the  compound 
forms  is  principally  by  calicular  gemmation,  or  by  lateral 
budding. 

There  are  only  two  living  genera  of  corals  (viz.,  the  Guynia 
of  the  Mediterranean  and  the  Haplophyllia  of  Florida)  whicli 
agree  Avith  the  Rugosa  in  the  tetrameral  arrangement  of  the 
septa  ;  and  it  is  doubtful  whether  we  are  justified  in  asserting 
positively  on  this  ground  alone  that  these  genera  really  are 
Rugose  corals.  We  have,  therefore,  simply  to  consider  very 
briefly  the  corallum  of  the  Rugose  corals,  which  alone  has 
been  preserved  to  us  in  a  fossil  condition.  In  its  most  essen- 
tial respects,  the  corallum  of  the  Rugosa  is  quite  identical  with 
that  of  the  typical  Zoantharia  sclerodermata.  In  both  alike 
the  cerallum  may  be  simple  or  compound ;  in  both  alike  the 
simple  form  of  corallum  (fig.  76)  consists  of  an  outer  wall  or 


Fig.  76.— Morphology  of  the  Rugosa.  A,  Fragment  of  Zafhrenhs  gigantca,  showing 
the  septa  (j)  with  the  sparse  dissepiments  crossing  the  mterseptal  loculi,  the  epitheca 
\e\  and  the  thin  proper  wall  (■!(/) ;  B,  Transverse  section  of  Zaphrentis  Giterangfrt, 
'bowing  the  septa  and  dissepiments,  the  central  area  occupied  solely  by  the  tabuls, 
-d  the  •'  los'^ula  '  (/)  :  C  Loneitudinal  section  of  the  last,  showing  the  arrangement 
■  the  tabulae.    (A  is  after  Ed wa^-ds  and  Haime  ;  B  and  C  are  after  James  Thomson.; 


an 
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"theca,"  enclosing  a  central  space  or  "visceral  chamber, 
which  is  divided  into  compartments  by  a  series  of  radiating 
lamellae  or     septa  :  "  in  both  alike  the  structures  known  as 
"dissepiments,"  "  tabulfe,"  and  "columella,"  may  be  de- 
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veloped ;  and  in  both  alike  the  compound  corallum  may  be 
regarded  as  a  variously-formed  aggregate  of  "  corallites,"  simi- 
lar in  their  fundamental  structure  to  the  simple  corallum. 
■  On  the  other  hand,  the  corallum  of  the  Rugosa  exhibits  the 
•following  more  striking  points  of  difference  as  compared  with 
that  of  the  Zoantharia  sderodermata : — (i)  The  septa  appear 
•to  be  primitively  developed  in  four  systems,  instead  of  six  or 
five.  Sometimes  the  adult  corallum  (as  in  Stamia)  exhibits 
the  four  primitive  septa  in  a  pre-eminently  developed  condi- 
tion, but  this  is  not  commonly  the  case.  (2)  The  septa  are 
rendered  more  or  less  iixegular  in  their  arrangement  by  the 
■presence  of  a  curious  vacant  space  (sometimes  three  or  four), 
.which  is  known  as  the . "  fossula  "  (fig.  76,  B, /),  and  which 
appears  to  take  the  place  of  one  of  the  primitive .  four  septa. 
(3)  When  the  septa  are  well  developed,  they  generally  present 
themselves  in  the  adult  as  of  two  sizes  only,  a  larger  and  a 
smaller  (fig.  65,  B).  (4)  TabulcB  are  usually  present,  in  con- 
junction with  the  septa.  (5)  The  compound  coralla  possess 
no  true  coenenchyma,  and  one  of  their  commonest  modes  of 
'increase  is  by  means  of  "  calicular  gemmation." 

Recently  it  has  been  sho'wn  that  some  very  abnormal  Rugose  corals  were 
provided  with  a  lid  or  operculum,  closing  the  mouth  of  the  calice.  In  the 
genus  Calceola  (fig.  78),  formerly  referred'  to  the  Brachiopoda,  and  very 


Fig.  •]■].— Strovibodes  peiitagonus. 
A  Silurian  Rucose  Coral 


Fig.  78.  — Calceola  sajidalina. 
An  operculate  Rugose  Coral. 
Devonian. 


abundant  in  certain  parts  of  the  Devonian  System,  the  operculum  consisted 
of  a  single  valve  or  piece.  In  Go7tiophyllum  four  valves  were  present,  and 
in  Cystiphyllum prismaiiaim  there  were  four  or  more  valves  m  the  oper- 
culum. It  is  worthy  of  notice  that  some  recent  corals  (species  of  Primnoa, 
Paramtiricea,  and  others)  exhibit  also  a  more  or  less  complete  operculum. 
1  he  calicos  of  Cryptohdia pudica  (one  of  the  Hydroid  group  of  the  Stylasler- 
tdcE)  are  also  protected  by  a  calcareous  lamina  in  front  of  each. 

_  According  to  Professor  Agassiz,  the  Rugosa  and  the  Tabulate 
division  of  the  Zoantharia  ought  not  to  be  considered  as  be-- 
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longing  to  the  Actinozoa,  but  should  be  placed  amongst  the 
Hydrozoa.  This  radical  change  cannot,  however,  be  accepted 
unless  upon  the  production  of  much  more  evidence  than  has 
as  yet  been  brought  forward  in  its  favour.  One  strong  argu- 
ment against  this  view  is  to  be  found  in  the  fact  that  the  typi- 
cal Rugose  corals  possess  well-developed  septa  —  structures 
■which,  if  they  do  not  absolutely  imply  the  existence  of  mesen- 
teries, are,  at  any  rate,  unknown  in  any  living  Hydrozobn,  un- 
less Millepora  be  referred  to  this  class  (and  in  this  genus  only 
rudimentary  septa  are  present).  At  present  it  is  not  possible 
to  speak  definitely  as  to  the  systematic  position  of  the  Rugosa, 
but  they  appear  to  form  a  natural  and  distinct  group,  interme- 
diate in  many  respects  between  the  Zoantharia  and  the 
Alcyo7iaria, 

The  Rugosa  are  divided  into  the  following  families  : — 

1.  STAURlDi^:  Septa  well  developed,  extending  from  the  bottom  to  the 

top  of  the  visceral  chamber,  and  showing  a  conspicuous  quaternary 
arrangement.  Dissepiments  are  present,  and  there  is  a  central 
tabulate  area.  Genera — Stauria,  Folyccelia,  Metnophyllum,  Holo- 
cystis,  Co7iosmilia. 

2.  Cyathaxonid^  :  Corallum  simple,  with  a  deep  calice  ;  septa  well 

developed,  the  four  primary  septa  not  predominantly  developed ;  no 
dissepiments  or  tabulae.  Genera — Cyaihaxonia,  Guynia,  Haplo- 
phyllia. 

3.  Cyathophyllid.^  :  Corallum  simple  or  compound  ;  septa  well  de- 

veloped, but  not  so  completely  so  as  in  the  two  preceding  groups ; 
the  four  primitive  septa  not  pre-eminently  developed ;  tabulse  always, 
and  dissepiments  generally,  present.  Genera — Zaphrentis,  Amplex- 
us,  Cyathophyllum,  Heliophyllum,  Omphyina,  Lithostrotion,  Lous- 
daleia,  Clisiophyllum^  &c. 

4.  Cystiphyllid^  :  Corallum  simple  or  rarely  compound ;  wall  com- 

plete ;  septa  rudimentary  ;  visceral  chamber  with  small  convex 
vesicles  formed  by  a  combination  of  tabulae  and  dissepiments ; 
sometimes  an  operculum.  Genera  —  Cystiphyllum,  Goniophyllwii, 
Rhizophyllum,  Calceola. 


CHAPTER  XVI. 

CTENOPHORA. 

Order  IV.  Ctenophora.— The  Ctenophora  comprise  ''trans- 
parejit,  oceanic,  gelatinous  Actinozoa,  swim??iing  by  means  of 
'  ctcnophores'  or  parallel  rows  of  cilia  disposed  in  comb-like  plates. 
No  corallum  "  (Greene). 
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The  members  of  this  order  are  all  free-swimming  organisms, 
and  they  are  placed  by  many  amongst  the  Hydrozoa,  from 
which,  however,  they  appear  to  be  clearly  separated  by  the 
possession  of  a  differentiated  digestive  sac,  as  well  as  by  their 
analogies  with  the  Aciinozoa,  and  their  generally  superior 
degree  of  organisation. 

Fleurobrachia  {Cydippe,  fig.  79)  may  be  taken  as  the  type  of 


Fig.  79. — Ctenophora.    Plenrobrachia  piletis. 


the  order,  the  structure  of  all  being  similar  to  this  in  essential 
points.  Fleurobrachia  possesses  a  transparent,  colourless, 
gelatinous,  melon-shaped  body,  or  "  actinosoma,"  in  which  the 
two  poles  of  the  sphere  are  termed  respectively  the  "oral"  and 
"  apical,"  and  the  rest  of  the  body  constitutes  the  interpolar 
region.  At  the  oral  pole  is  the  transverse  mouth,  bounded 
by  lateral,  slightly  protuberant  margins.  "  Eight  meridional 
bands,  or  '  ctenophores '  bearing  the  comb-like  fringes,  or 
characteristic  organs  of  locomotion,  traverse  at  definite  in- 
tervals the  interpolar  region,  which  they  divide  into  an  equal 
number  of  lune-like  lobes,  termed  the  '  actinomeres ; '  but 
this  division  of  the  body  does  not  extend  into  the  immediate 
vicinity  of  the  poles,  before  reaching  which  the  ctenophores 
gradually  diminish  in  diameter,  each  terminating  in  a  point" 
(Greene).  The  normal  number  of  the  ctenophores  is  eight 
(four  or  twelve  in  some  other  forms),  and  each  consists  of 
a  band  of  surface  elevated  transversely  into  a  number  of 
ridges,  to  each  of  which  a  fringe  of  cilia  is  attached,  so  as  to 
form  a  comb-like  plate.  The  cilia  in  the  middle  of  these 
paddle-like  transverse  ridges  are  the  longest,  and  they  gradually 
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diminish  in  length  towards  the  sides,  so  that  the  form  of  each 
comb  IS  somewhat  crescentic.  Beside  the  comb-hke  groups 
of  vibratile  cilia,  Pkurobrachia  is  provided  with  two  very  long 
and  flexible  tentacular  processes,  which  are  fringed  on  one 
side  with  smaller  cirrhi.  These  filamentous  processes  arise 
each  froni  a  sac,  situated  on  one  of  the  lateral  actinomeres, 
within  which  they  can  be  completely  and  instantaneously  re- 
tracted at  the  will  of  the  animal. 

The  mouth  of  Pkurobrachia  (fig.  80,  a)  opens  into  a 
fusiform,  digestive  sac,  or  stomach  {b),  the  lower  part  of  which 
is  provided  with  brown  cells,  supposed  to  discharge  the  func- 
tions of  a  liver.  The  stomach  opens  below  into  a  shorter  and 
Avider  cavity  (^),_  termed  the  "  funnel,"  from  which  two  canals 
diverge  in  the  direction  of  the  vertical  axis  of  the  organism,  to 
open  at  tlie  apical  pole."  These  canals  are  known  as  the 
"  apical  canals  "  (<?),  and  their  apertures  as  the  "  apical  pores.  ' 


Fig.  80. — Morphology  of  Ctenophora.  i.  Diagrammatic  transverse  section  of  Pleuro- 
brackia.  b  Digestive  cavity;  ii  Primary  radial  canals  ;  k  k  Secondary  radial  canals; 
/  /  Tertiary  radial  canals  ;  g  Tentacle. 

2.  Longitudinal  section  of  Pleiirobrachia.  a  Mouth  ;  b  Digestive  cavity  ;  c  Fun- 
nel ;  d  d  Paragastric  canals  ;  e  e  Apical  canals ;  f  Ctenophoral  canal ;  g  Tentacle ;  h 
Ctenocyst.    (After  Greene.) 


From  the  funnel  two  other  pairs  of  canals  are  given  off.  Of 
these,  one  pair — known  as  the  "paragastric  canals" — turns 
upwards,  one  running  parallel  to  the  digestive  sac  on  each  side 
{d),  and  "  terminating  csecally  before  quite  reaching  the  oral 
extremity."  The  second  pair  of  canals  (z)  —  the  so-called 
"radial  canals" — branch  off  from  the  funnel  laterally,  each 
dividing  into  two,  and  then  again  into  two,  as  they  proceed 
towards  the  periphery  of  the  body.  Thus  the  two  "primary" 
radial  canals  produce  four  "  secondary  "  canals  {k\  and  these, 
in  turn,  give  rise  to  eight  "tertiary"  radial  canals  (/),  which 
finally  terminate  by  opening  "at  right  angles  into  an  equal 
number  of  longitudinal  vessels,  the  '  ctenophoral  canals  (/), 
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whose  course  coincides  with  that  of  the  eight  locomotive 
bands.  These  canals  end  Ccccally  both  at  their  oral  and  apical 
extremities"  (Greene).  The  whole  of  this  complex  canal- 
system  is  lined  by  a  ciliated  endoderm,  and  a  constant  circula- 
tion of  the  included  nutrient  fluid  is  thus  maintained. 

Immediately  within  the  apical  pole  is  situated  a  small  cyst 
or  vesicle,  supposed  to  be  an  organ  of  sense,  and  termed  the 
"ctenocyst"  {h).  In  structure  the  "ctenocyst"  consists  of  a 
spherical  vesicle,  lined  with  a  ciliated  epithelium,  and  filled 
with  a  clear  fluid,  which  contains  mineral  particles,  probably 
of  carbonate  of  lime.  Just  beneath  the  ctenocyst  is  a  cellular 
mass,  which  has  been  described  as  giving  off  eight  filaments 
running  along  the  ctenophores.  and  is  generally  believed  to  be 
a  nervous  system.  Eimer  denies  that  the  central  ganglionic 
mass  is  nervous,  but  describes  a  plexiform  nervous  system. 
The  reproductive  organs  of  Pleurobrachia  are  in  the  form  of 
folds,  containing  either  ova  or  spermatozoa,  and  situated  be- 
neath the  endodermal  hning  of  the  ctenophoral  canals,  one  on 
each  side. 

The  embryo  Pleurobrachia  is  at  first  rudely  cylindrical  in 
form,  a  belt  of  cilia  passing  round  the  middle  of  its  body. 
This  soon  breaks  up  into  two  lateral  groups,  which  eventually 
disappear  altogether.  The  primitive  ctenophores  are  four  in 
number,  each  ultimately  breaking  up  into  two. 

As  regards  the  homologies  between  Actinia  and  Pleurobrachia^ 
the  following  may  be  quoted  from  Professor  Greene  : — 

"  If  now  a  comparison  be  made  between  this  nutrient  system" 
(the  canal-system  of  the  Ctenophora)  "  and  that  of  Actinia,  the 
digestive  sacs  of  the  two  organisms  are  clearly  seen  to  corre- 
spond in  form,  in  relative  size,  and  mode  of  communication 
with  the  somatic  cavity.  The  funnel  and  apical  canals  of 
Pleurobrachia,  though  more  distinctly  marked  out,  are  the 
homologues  of  those  parts  of  the  general  cavity,  which  in 
Actinia  are  central  in  position,  and  underlie  the  free  end  of  the 
digestive  sac.  So  also  the  paragastric  and  radial  canals  may 
be  likened  to  those  lateral  portions  of  the  somatic  cavity  of 
I  Actinia  which  are  not  included  between  the  mesenteries. 
;  Lastly,  the  ctenophoral  canals  of  Pleurobrachia  and  the  somatic 
chambers  of  Actinia  appear  to  be  truly  homologous,  the  chief 
difference  beween  the  two  forms  being,  that  while  in  the  latter 
the  body-chambers  are  wide  and  separated  by  very  thin  parti- 
tions, they  are  in  Pleurobrachia  reduced  to  the  condition  of 
tubes ;  the  mesenteries  which  intervene  becoming  very  thick 
and  gelatinous,  so  as  to  constitute,  indeed,  the  principal  bulk 
of  the  body."    The  "apical"  canals,  again,  by  which  the  di- 
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gestive  sac  communicates  inferiorly  with  the  external  medium, 
may  be  compared  with  the  perforation  which  is  found  in  some 
of  the  Actmida;  {Ceriatithus  and  Pcachia)  traversing  the  axis  of 
the  base  or  foot. 

The  remaining  members  of  the  Ctenophora  conform  in  most 
essential  respects  with  Pleiirobrachia,  the  most  important  dif- 
ferences being  found  in  the  canal-system.  For  purposes  of 
comparison  this  system  may  be  divided  into  four  portions  as 
follows: — I.  The  "axial  system,"  consisting  of  the  mouth, 
stomach,  funnel,  and  apical  canals.  2.  The  "  paraxial  system," 
comprising  the  paragastric  canals.  3.  The  "radial  system," 
comprising  the  primary,  secondary,  and  tertiary  radial  canals. 
4.  The  "  ctenophoral  system,"  consisting  of  the  tubes  which 
run  underneath  the  locomotive  bands. 

In  Beroe,  which  is  in  other  respects  very  similar  to  Pleuro- 
hrachia,  the  axial  system  of  canals  is  the  same  as  we  have  seen 
in  the  latter.  The  paraxial  system,  however,  consists  of  two 
pairs  of  paragastric  canals,  which,  instead  of  terminating  cgecally, 
open  into  a  circular  canal  which  surrounds  the  mouth.  The 
ctenophoral  canals,  likewise,  open  into  the  oral  vessel,  instead 
of  terminating  csecally  as  in  Pleurobrachia.  Lastly,  the  radial 
system  is  not  developed,  the  ctenophoral  canals  simply  curving 
round  towards  their  apical  extremities,  and  opening  into  the 
funnel  directly. 

Amongst  the  Beroidce  the  mouth  extends  entirely  across  the 
oral  extremity  of  the  body;  hence  they  have  been  termed 
Eiirysto7nata,  the  term  Stenostomata  being  applied  collectively 
to  all  the  other  Ctenophora. 

The  BeroidcB  further  differ  from  Pleurobrachia  in  being  desti- 
tute of  the  long  tentacular  appendages  so  characteristic  of  the 
latter. 

In  Cesttiin,  or  "  Venus's  Girdle,"  "  elongation  takes  place  to 
an  extraordinary  extent  at  right  angles  to  the  direction  of  the 
digestive  track,  a  flat,  ribbon-shaped  body,  three  or  four  feet  in 
length,  being  the  result." 

The  Ctenophora  may  be  divided  into  the  following  groups  :— 

A.  EURYSTOMATA.— Oral  aperture  large,  occupying  the  whole  of  the 

oral  extremity  of  the  body. 

1.  BeroidcE.    The  paragastric  canals  opening  into  a  circum-oral 

ring.    No  tentacles.    Ex.  Beroe,  Idyia. 

B.  Stenostomata. — Mouth  small  and  narrow. 

2.  Saccata:.    No  circum-oral  canal  ;  tentacles  two.   Ex.  Pleuro- 

brachia, Eschscholtzia,  Hormiphora. 

3.  Lobata.    Body  furnished  with  a  pair  of  wing-like  or.il  exten- 

sions or  lobes.    Ex.  Bolina,  Mncmia,  Enchai-is,  Lesueur  o. 

4.  TaniatcE.    Body  ribbon-like  ;  no  oral  lobes  ;  two  tentacles. 

Ex.  Cesium. 
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CHAPTER  XVIL 

DISTRIBUTION  OF  ACTINOZOA. 

I.  Distribution  of  Actinozoa  in  Space.    2.  Coral-reefs. 
3.  Distribution  of  Actinozoa  in  Time. 

Distribution  of  Actinozoa  in  Space. — The  Zoantharia  mala- 
coderfuata  appear  to  have  an  almost  cosmopohtan  range,  Sea- 
anemones  being  fomid  on  almost  every  coast;  some  of  the 
tropical  forms  attaining  a  very  large  size.  Whilst  essentially 
littoral  and  shallow-water  forms,  a  few  of  the  m.embers  of  this 
group  have  been  found  by  the  Challenger  Expedition  to  extend 
to  great  depths.  Thus,  Edwardsia  has  been  found  at  600 
fathoms,  and  Cerianthus  at  no  less  than  2750  fathoms.  A  few 
forms  also  (such  as  Arachnadis,  Ilyafithus,  and  Minyas)  are 
pelagic  in  habit,  and  live  in  the  open  ocean.  The  Antipathidcs 
are  principally  inhabitants  of  warm  seas ;  but  have  been  found 
off  the  coast  of  Greenland.  The  Alcyonidce  are  principally  in- 
habitants of  shallow  water ;  but  the  FetinatuHdcz  extend  their 
range  up  to  very  great  depths.  The  Gorgonida  are  likewise 
mostly  shallow-water  forms,  and  they  attain  their  maximum  in 
the  seas  of  the  tropics.  The  Red  Coral  of  commerce  is  a 
Mediterranean  species,  and  occurs  principally  at  depths  of  from 
5  to  6  fathoms,  though  occurring  at  120  fathoms  or  more.  The 
Organ-pipe  Corals  {Ttibipord)  are  confined  to  the  warm  seas  of 
the  "coral-reef  region;"  and  the  genus  Heliopora,  the  only 
recent  representative  of  the  family  HelioporidcB,  is  confined  to 
the  Pacific  and  Indian  Oceans.  The  only  living  corals  referred 
to  the  Rugosa  are  Guynia,  which  is  found  in  the  Mediter- 
ranean, and  the  Haplophyllia  of  the  Florida  seas.  The  Cte7io- 
phora  are  pelagic,  free-swimming  forms,  and  appear  to  be 
cosmopolitan  in  their  distribution.  Lastly,  the  Zoantharia 
sderodermata  are  partly  inhabitants  of  deep  water,  and 
partly  shallow-water  forms ;  and  the  latter,  as  commonly 
forming  "coral-reefs,"  are  so  important  as  to  demand  special 
consideration. 

The  so-called  "  reef-building  "  corals  have  their  distribution 
conditioned  by  the  mean  winter  temperature  of  the  sea,  a  tem- 
perature of  not  less  than  66°  being  necessary  for  their  existence. 
The  seas,  therefore,  which  possess  the  necessary  temperature 
may  be  said  to  be  all  comprised  within  a  distance  of  about 
1800  miles  of  the  equator  on  each  side.    Within  these  limits, 
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however,  apparently  owing  to  the  influence  of  arctic  currents, 
no  coral-reefs  are  found  on  the  western  coasts  of  America  and 
Africa.  They  are  found  chiefly  on  the  east  coast  of  Africa, 
the  shores  of  Madagascar,  the  Red  Sea  and  Persian  Gulf' 
tliroughout  the  Indian  Ocean  and  the  whole  of  Polynesia,  and 
around  the  West  Indian  Islands  and  the  coast  of  Florida. 
The  headquarters  of  the  reef-building  corals  may  be  said  to 
be  round  the  islands  and  continents  of  the  Pacific  Ocean.  A 
"coral-reef"  is  a  mass  of  coral,  sometimes  many  hundred 
miles  in  length,  and  it  may  be  two  thousand  feet  or  more 
m  thickness,  produced  by  the  combined  growth  of  different 
species  of  coralligenous  Actinozoa.  As  before  said,  a  mean 
winter  temperature  of  not  less  than  66°  is  necessary  for  their 
existence,  and  therefore  nothing  worthy  of  the  name  of  a 
"  coral-reef"  is  to  be  found  in  seas  so  far  removed  from  the 


Fig.  81. — Structure  of  coral-reefs,  i.  Fringing-reef ;  2  Barrier-reef;  3.  Atoll.  (Z  Sea- 
level  ;  b  Coral-reef ;  c  Primitive  land  ;  d  Portion  of  sea  within  the  reef,  forming  a 
channel  or  lagoon. 


equator  as  to  possess  a  lower  winter  temperature  than  the 
above. 

According  to  Darwin,  coral-reefs  may  be  divided  into  three 
principal  forms — viz.,  Fringing-reefs,  Barrier-reefs,  and  Atolls, 
distinguished  by  the  following  characters  : — 

I.  F7'inging-reefs  (fig.  8i,  i). — These  are  reefs,  seldom  of 
great  size,  which  may.  either  surround  islands,  or  skirt  the 
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I  shores  of  continents.    These  shore-reefs  have  no  channel  of 
i  any  great  depth  intervening  between  them  and  the  land,  and 
the  soundings  on  their  seaward  margin  indicate  that  they  re- 
pose upon  a  gently-sloping  surface. 

•  2.  Barrier-reefs  (fig.  81,  2). — These,  like  the  preceding,  may 
i  either  encircle  islands,  or  may  skirt  continents.  They  are  dis- 
tinguished from  fringing-reefs  by  the  fact  that  they  occur  usu- 
I  ally  at  a  much  greater  distance  from  land,  that  there  intervenes 
;  a  channel  of  deep  water  between  them  and  the  shore,  and  that 
;  soundings  taken  close  to  their  seaward  margin  indicate  enor- 
I  mous  depths.  If  the  barrier-reef  surround  an  island,  it  is 
3  sometimes  called  an  "  encircling  barrier-reef,"  and  it  consti- 
j  tutes  with  its  island  what  is  called  a  "  lagoon  island." 

As  an  example  of  this  class  of  reefs  may  be  taken  the  great 
barrier-reef  on  the  N.E.  coast  of  Australia,  the  structure  of 
which  is  on  a  perfectly  colossal  scale.  This  reef  runs,  with  a 
few  breaches  in  its  continuity,  for  a  distance  of  more  than  a 
thousand  miles,  its  average  distance  from  the  shore  being 
between  twenty  and  thirty  miles,  and  the  depth  of  the  inner 
channel  being  from  ten  to  sixty  fathoms,  whilst  the  sea  outside 
is  "profoundly  deep"  (in  some  places  over  1800  feet). 

3.  Atolls  (fig.  81,  3). — These  are  oval  or  nearly  circular  reefs 
of  coral,  enclosing  a  central  expanse  of  water  or  lagoon.  They 
'  seldom  form  complete  rings,  the  reef  being  usually  breached 
by  one  or  more  openings,  which  are  always  situated  on  the  lee- 
Avard  side,  or  on  that  side  which  is  most  completely  sheltered 
from  the  prevailing  winds.  In  their  structure  they  are  iden- 
tical with  "  encircling  barrier-reefs,"  and  differ  from  these  only 
in  the  fact  that  the  lagoon  which  they  enclose  does  not  contain 
an  island  in  its  centre. 

If  a  coral-reef  be  observed — say  a  portion  of  an  encircling 
barrier-reef — the  following  are  the  general  phenomena  which 
may  be  noticed.  The  general  shape  of  the  reef  is  triangular, 
presenting  a  steep  and  abrupt  wall  on  the  seaward  side,  and 
having  a  long  and  gentle  slope  towards  the  land.  The  outer 
margin  of  the  reef  is  exposed  to  the  beating  of  a  tremendous 
surf,  whilst  the  soundings  taken  just  outside  the  line  of 
breakers  always  indicate  great  depths.  The  longer  inner  slope 
is  washed  by  the  calm  waters  of  the  inner  lagoon  or  channel. 
The  reef  is  only  very  partially  composed  of  living  corals,  which 
'  are  found  to  occupy  a  mere  strip,  or  zone,  along  the  seaward 
margin  of  the  reef,  whilst  all  above  this,  as  well  as  all  below, 
is  constituted  by  dead  coral,  or  "coral-rock." 

As  to  the  method  in  which  such  a  reef  is  produced,  the  fol- 
lowing facts  have  been  established  : — 
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A.  The  coral-producing  polypes  cannot  exist  at  levels  higher 
than  extreme  low  water,  exposure  to  the  sun,  even  for  a  short 
period,  proving  rapidly  fatal.  It  follows  from  this  that  no 
coral-reef  can  be  raised  above  the  level  of  the  sea  by  the  efforts 
of  its  builders.  The  agency  whereby  reefs  are  raised  above  the 
surface  of  the  sea  is  the  denuding  power  of  the  breakers  which 
constantly  fall  upon  their  outer  margins.  These  detach  large 
masses  of  dead  coral,  and  heap  them  up  in  particular  places, 
until  an  island  is  gradually  produced.  The  fragments  thus 
accumulated  are  compacted  together  by  the  finer  detritus  of 
the  reef,  and  are  cemented  together  by  the  percolation  of  water 
holding  carbonate  of  lime  in  solution.  In  this  way  the  upper 
surface  of  the  reef,  along  a  line  of  greater  or  less  breadth,  is 
more  or  less  completely  raised  above  the  level  of  high  water. 
It  is  obvious,  however,  that  the  reef  might  be  entirely 
destroyed  by  a  continuation  of  this  process — the  sea  being 
quite  competent  to  undo  what  it  had  done — unless  some 
counteracting  force  were  brought  into  play.  This  counteract- 
ing force  is  found  in  the  vital  activity  of  the  living  corals, 
which  form  the  seaward  margin  of  the  reef,  and  which,  by 
their  growth,  prevent  the  sea  from  always  destroying  the 
masses  of  sediment  which  it  may  have  thrown  up. 

B.  The  coral  -  producing  polypes  are  essentially  shallow- 
water  animals,  and  cannot  exist  at  depths  exceeding  some  15 
to  30  fathoms.  It  follows  from  this  that  no  coral-reef  can  be 
commenced  upon  a  sea-bottom  deeper  than  about  30  fathoms. 
The  question  now  arises — In  what  way  have  reefs  been  pro- 
duced, which,  as  we  have  seen,  rise  out  of  depths  of  300 
fathoms  or  more  ?  This  question  has  been  answered  by 
Darwin,  who  showed  that  the  production  of  barrier-reefs  and 
atolls  was  really  to  be  ascribed  to  a  gradual  subsidence  of  the 
foundations  upon  which  they  rest.  Thus,  if  a  fringing-reef 
which  surrounds  an  island  is  supposed  gradually  to  sink  be- 
neath the  sea,  the  upward  growth  of  the  corals  will  neutralise 
the  downward  movement  of  the  land,  so  far,  at  any  rate,  that 
the  reef  will  appear  to  be  stationary,  whilst  it  is  really  growing 
upwards.  The  island,  however,  as  subsidence  goes  on,  will 
gradually  diminish  in  size,  and  a  channel  will  be  formed  be- 
tween it  and  the  reef.  If  the  depression  should  be  still  con- 
tinued, the  island  will  be  reduced  to  a  mere  peak  in  the  centre 
of  a  lagoon:  and  the  reef,  from  a  " fringing-reef,"^ will  have 
become  converted  into  an  "  encircling  barrier-reef."  As  the 
growth  of  the  reef  is  chiefly  vertical,  the  continued  depression 
will,  of  course,  have  produced  deep  water  all  round  the  reef. 
If  the  subsidence  be  continued  still  further,  the  central  peak 
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will  disappear  altogether,  and  the  reef  will  become  a  more  or 
less  complete  ring  surrounding  a  central  expanse  of  water; 
thus  becoming  converted  into  an  "atoll."  The  production, 
therefore,  of  encircling  barrier-reefs  and  atolls  is  thus  seen  to 
be  due  to  a  process  of  subsidence  of  the  sea-bottom.  The 
existence,  however,  of  fringing-reefs  is  only  possible  when  the 
land  is  either  slowly  rising,  or  is  stationary ;  and,  as  a  matter 
of  fact,  fringing-reefs  are  often  found  to  be  conjoined  with  up- 
raised strata  of  post-tertiary  age.  Atolls  and  encircling  barrier- 
reefs,  on  the  other  hand,  are  not  found  in  the  vicinity  of  active 
volcanoes— regions  where  geology  teaches  us  that  the  land  is 
either  stationary,  or  is  undergoing  slow  upheaval.  _ 

C.  Different  portions  of  a  coral-reef  are  occupied  by  differ- 
ent kinds  of  corals.  According  to  Agassiz,  the  basement  of  a 
coral-reef  is  formed  by  a  zone  of  massive  Asirceans.  These 
cannot  flourish  at  depths  of  less  than  six  fathoms  of  water, 
'  and  consequently  when  the  surface  of  the  reef  has  reached  this 
level,  the  Astrceans  cease  to  grow.  Their  place  is  now  taken 
by  Meandrinas  (Brain-corals)  and  Porites ;  but  these,  too, 
cannot  extend  above  a  certain  level.  Finally,  the  summit  of 
the  reef  is  formed  by  an  aggregation  of  less  massive  corals, 
such  as  MadreporidcB,  Milleporidcs,  and  Gorgonidce. 

Distribution  of  Actinozoa  in  Time. — With  the  single  exception  of 
the  MoUusca,  no  division  of  the  animal  kingdom  contributes  such  import- 
ant and  numerous  indications  of  its  past  existence  as  the  Actinozoa, 

In  the  Palseozoic  rocks  the  majority  of  corals  belong  to  the  division 
Ricgosa,  these  seeming  to  have  filled  the  place  now  taken  by  the  scleroder- 
mic Zoantharia.  Until  quite  recently  it  was  belived  that  all  the  Rugosa 
were  Palseozoic,  with  the  exception  of  the  genus  Holocystis,  represented  in 
the  Cretaceous  period  (Upper  Greensand)  by  the  single  species  H.  elegans. 
Recent  researches,  however,  have  brought  to  light  the  existence  in  our 
present  seas  of  at  least  two  gQiiexs.  {Haplopkyllia  and  Gttyftia),  which  belong 
to  the  Rugose  family  of  the  Cyathaxonidce ;  and  certain  Tertiary  Rugose 
Corals  (Conosmilia)  have  also  been  described  (Martin  Duncan),  Of  the 
families  of  the  Rugosa,  the  Cyaihophyllida  and  CysHphyllidcB  are  exclusively 
Palseozoic ;  the  CyathaxonidcE  are  Palseozoic,  but  are  represented  by  two  liv- 
ing genera ;  and  the  Staiiridce  are  represented  in  the  Silurian  rocks  {Statwia), 
Devonian  {Meiriophyllum) ,  Permian  {Folyccelia) ,  and  in  Tertiary  deposits 
( Conosmilia). 

The  Zoantharia  sclerodermata,  though  attaining  their  maximum  at  the 
present  day,  nevertheless  are  well  represented  in  past  time,  beginning  in 
the  Silurian  period.  One  subdivision  of  this  group,  the  Tubulosa,  is  en- 
tirely confined  to  the  Palseozoic  rocks,  and  another,  the  Tabulata  (as  now 
restricted),  is  chiefly  Palteozoic.  The  Perforata  and  Aporosa,  on  the  other 
hand,  are  more  abundant  in  the  Mesozoic  and  Kainozoic  epochs,  and  are 
only  slightly  represented  in  Palseozoic  deposits. 

The  Zoantharia  sclerobasica  are  hardly  known  as  fossils,  but  the  Miocene 
deposits  of  Piedmont  (Middle  Tertiary)  have  yielded  a  species  of  Antipathcs. 

The  Zoantharia  malacodcrmata,  from  the  soft  nature  of  their  bodies,  are 
obviously  incapable  of  leaving  any  traces  of  their  existence  ;  though  we  are 
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by  no  means  therefore  justified  in  asserting  that  they  did  not  exist  in  past 
geological  epochs. 

With  the  reference  of  the  HelioporidcE  to  the  Alcyonaria,  the  range  of 
this  order  has  been  enormously  increased  in  past  time.  P^ormerly,  no  ex- 
ample of  the  order  was  known  as  occurring  in  any  Palaeozoic  stratum,  the 
so-called  Frotovirgularia  oi  the  Lower  Silurian  being  probably  a  Graptolite. 
Now  we  know  of  various  abundantly  distributed  Alcyonarian  corals  in  tlit 
Palaeozoic  rocks,  the  most  important  being  the  Heliolites  of  the  Silurian 
and  Devonian.  The  allied  genus  Polyiremacis  is  Cretaceous.  Of  the 
GorgonidcB  two  genera  [Mopsea  and  Welisteria)  are  found  in  the  Eocene ; 
and  the  genus  Corallium,  doubtfully  quoted  from  the  Jurassic  and  Cretace- 
ous, is  found  in  the  Miocene,  which  has  likewise  yielded  examples  of  his, 
Gorgmia,  &c.  The  PennatulidcB  commence  in  the  Eocene,  with  Graph- 
ularia.  The  Tubipoj'idce  are  unknown  as  fossils,  and  the  Alcyoiiidcs  are 
not  known  to  occur  till  the  Pliocene  is  reached. 

The  Ctenophora,  being  wholly  destitute  of  hard  structures,  are  not  known 
at  all  as  occurring  in  the  fossil  condition. 
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CHAPTER  XVIII. 

I.  General  Characters  of  the  Annuloida.    2.  General 
Characters  of  the  Echinodermata. 

Sub-kingdom  III.  Annuloida  ( =  Echinozoa,  Allman). — This 
sub-kingdom  was  proposed  by  Professor  Huxley  for  the  recep- 
tion of  the  two  groups  of  the  Echinodemiata  and  the  Scolecida, 
of  which  the  former  belonged  to  the  old  sub-kingdom  Radiata, 
Avhilst  the  latter  was  formerly  classed  with  the  Annidosa.  The 
same  sections  have  been  grouped  by  Professor  Allman  together, 
under  the  name  Echinozoa ;  the  Rotifera,  however,  being  ex- 
cluded from  this  division  and  classed  with  the  Annulosa.  By 
others,  again,  the  Annuloida  are  looked  upon  as  a  section  of  the 
Annulosa,  and  not  as  a  distinct  sub-kingdom.  Provisionally, 
however,  it  seems  best  to  regard  the  A?inuloida  as  one  of  the 
primary  divisions  of  the  animal  kingdom,  it  being  impossible, 
in  the  meanwhile,  to  frame  a  definition  common  to  it  and  to 
the  Annulosa.  -The  name  Vermes  has  sometimes  been  em- 
ployed to  designate  the  sub-kingdom  Afinuloida,  certain  classes 
being  sometimes  removed  elsewhere,  or  certain  others  being 
added.  In  its  most  modern  signification,  the  term  Vermes 
may  be  held  as  synonymous  with  Annuloida,  minus  the  Echino- 
dermata and  plus  the  whole  of  the  Anarthropodous  division  of 
the  Annulosa. 

The  Annuloida  are  distinguished  by  the  presejice  of  a  distinct 
nervous  system,  and  the  possession  of  an  alimentary  caiial  which  is 
entirely  shut  off  from  the  general  cavity  of  the  body.  A  peculiar 
system  of  canals,  usually  communicating  with  the  exterior,  and 
termed  the  ^^water-vascular"  or  "-aquiferous''  system,  is  present 
in  all ;  ajid  a  tfue  vascular  apparatus  is  someti??ies  present.  In 
none  is  the  body  of  the  adult  composed  of  definite  segjnents,  or 
provided  with  "  bilaterally  disposed  successive  pairs  of  appendages." 

The  union  of  the  Echinodermata  with  the  Scolecida  in  a  single 
sub-kingdom,  as  proposed  by  Huxley,  must  be  regarded  as  a 
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purely  provisional  arrangement.  Many  other  classifications 
have  been  proposed,  each  with  some  obvious  advantages  and 
some  disadvantages.  In  some  ways  the  most  natural  arrange- 
ment would  be  to  establish  a  separate  sub-kingdom  for  the 
Echinodermata,  and  to  group  the  Scolecida  with  the  Anarthro- 
poda  under  the  name  of  Vermes;  but  it  seems  impossible  to 
construct  a  definition  which  will  include  these  latter  groups, 
and  exclude  all  others.  In  the  confessedly  imperfect  state  of 
our  knowledge,  therefore,  it  will  be  as  well  to  retain  for  the 
present  the  sub-kingdom  Annuloida. 

The  Annuloida  are  divided  into  two  great  classes,  the  Echino- 
dermaia  and  the  Scolecida. 

Class  I. — Echinodermata. 

Simple  marine  organisms,  the  body  of  the  adult  more  or  less 
conspicuously  radiate,  that  of  the  young  often  distinctly  bilateral. 
An  alimentary  canal,  with  or  zvithout  a  distinct  anus,  but  never 
communicating  with  the  body-cavity.  The  water-vascular  {ambu- 
lacral)  system  often  siibserving  locomotion.  Nervous  system  radi- 
ate, composed  of  an  oesophageal  ring  and  radiating  branches. 
Sexes  generally  disti?ict,  rarely  tmited. 

The  members  of  this  class  are  known  commonly  as  Sea- 
urchins,  Starfishes,  Brittle-stars,  Feather-stars,  Sea-lilies,  Sea- 
cucumbers,  &c.  j  and  though  the  fully- grown  animal  often  ex- 
hibits distinct  traces  of  bilaterality,  this  is  usually  more  or  less 
completely  masked  by  the  general  radiate  arrangement  of  the 
parts  of  the  body.  On  the  other  hand,  the  embryonic  Echino- 
derm  usually  shows  distinct  bilateral  symmetry.  The  outer  layer 
of  the  general  integument  ("perisome")  is  ciliated,  and  the  inner 
layer  is  more  or  less  hardened  by  the  deposition  of  carbonate 
of  lime  in  the  form  of  plates,  granules,  or  spicules.  In  all 
adult  Echinoderms  there  is  a  system  of  tubes,  termed  the  "am- 
bulacral  system,"  which  generally  subserves  locomotion,  and 
usually  communicates  with  the  exterior.  This  water-vascular 
system  surrounds  the  commencement  of  the  alimentary  canal, 
and  in  almost  all  cases  gives  off  secondary  vessels  in  a  radiating 
manner.  An  alimentary  canal  is  always  present,  and  is  com- 
^  pletely  shut  off  from  the  body-cavity.  A  vascular  (pseudo- 
haemal  ?)  system  is  generally  developed  in  addition  to  the  true 
water-vessels.  The  nervous  system  in  all  the  adult  Echino- 
derms is  a  ring-like  gangliated  cord,  which  surrounds  the  oeso- 
phagus and  sends  branches  parallel  to  the  radiating  ambulacral 
canals. 

The  process  of  developmetit  is  sometimes  direct;  but  in  the 
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typical  members  of  the  class  a  characteristic  form  of  metamor- 
phosis occurs.  The  impregnated  ovum  gives  exit  to  an  ovoid 
embryo  or  "  planula,"  freely  locomotive  by  means  of  cilia, 
which  are  at  first  diffused  over  the  body,  but  which  soon  be- 
come restricted  to  transverse  bands,  or  to  definite  outgrowths 
of  the  body  ("  epaulettes"),  which  are  disposed  with  bilateral 


Fig.  82. — Larva  of  Echimts  (after  J.  Miiller).  A,  A,  Front  arms  with  their  internal 
skeleton  ;  F,  F,  Arms  of  the  mouth-process  ;  B,  Posterior  side-arms  ;  a  Mouth  ;  a' 
tKsophagus  ;  b  Stomach  ;  b'  Intestine ;  d Ciliated  bands  ;  // Ciliated  epaulets  ;  c  Disc 
of  the  future  Echiitiis. 


symmetry.  The  larva  or  "  pseudembryo "  (fig.  82)  next  de- 
velops an  alimentary  canal, -with  a  distinct  mouth  and  anus, 
dividing  the  embryonic  body  into  two  bilaterally  symmetrical 
halves.  A  mass  of  actively  formative  protoplasm  now  appears 
on  one  side  of  the  stomach,  within  which  are  developed  a 
circular  and  radial  tubes,  the  whole  being  the  rudiment  of  the 
ambulacral  system  of  the  future  Echinodtrni.  A  symmetrical 
calcareous  skeleton,  not  converted  into  that  of  the  adult,  may 
be  developed  in  the  larva  (as  in  the  Echinoids  and  Ophiu- 
roids),  or  it  may  be  wanting  (as  in  the  Asteroids  and  Holo- 
thuroids).  The  mass  of  protoplasm,  above  mentioned  as 
developed  on  one  side  of  the  stomach,  rapidly  increases  in 
size,  envelops  the  stomach,  which  it  appropriates,  and  is  ulti- 
mately converted  into  the  adult  Echinoderm;  the  remainder  of 
the  larva  being  absorbed  or  cast  off  as  useless. 

The  essential  peculiarity  of  the  development  of  the  typical 
Echinoderms,  as  above  summarised,  is  that  the  larva  possesses 


"  B 


F 
A 


ANNULOIDA:  ECHINOIDEA.  1 83 

provisional  organs,  which  may  be  ultimately  absorbed  or 
thrown  off,  but  which  are  not  converted  into  the  correspond- 
ing structures  of  the  adult.  Thus  the  larva  of  an  Echinoid 
T  (fig.  82)  possesses  a  mouth  and  alimentary  canal,  which  are 
not  converted  into,  and  in  no  way  correspond  with,  the  mouth 
and  alimentary  canal  of  the  adult.  The  larva,  or  ''pseud- 
embryo,"  as  it  is  termed  by  Sir  Wyville  Thomson,  leads  a. 
perfectly  independent  existence,  and  the  true  Echinoderm  is 
developed  out  of  a  portion  only  of  its  substance. 

The  EclMiodermata  are  divided  into  seven  orders — viz.,  the 
Crinoidea,  Cystoidea,  Blastoidea,  Ophmroidea,  Asteroidea,  Echi- 
noidea,  and  Holothiiroidea.  Of  these,  the  first  is  almost  extinct, 
and  the  two  next  are  entirely  so ;  they  are  really  the  lowest 
orders;  but  their  structure  will  be  better  understood  if  the 
higher  orders  are  considered  first. 


CHAPTER  XIX. 

ECHINOIDEA. 

Order  Echinoidea. — The  members  of  this  order — commonly 
known  as  Sea-urchins — are  characterised  by  the  possession  of 
a  subglobose,  disco idal,  or  depressed  body,  encased  in  a  test"  or 
shell,  which  is  composed  of  numerous,  usually  immovably  cofi- 
nected,  calcareous  .plates.  The  intestine  is  convoluted,  and  there 
is  a  distinct  anus.  The  sexes  are  distinct,  and  the  larva  is  plutei- 
form,  and  has  a  calcareous  skeleton.  As  regards  their  general 
anatomy,  the  "  test "  of  the  Echinoidea  is  composed  of  numer- 
ous calcareous  plates,  which  are  generally  firmly  united  to 
one  another  by  their  edges,  in  such  a  manner  that  the  body 
of  the  animal  is  enclosed  in  an  immovable  box.  In  the  sin- 
gular Urchins,  however,  which  constitute  the  family  Echi- 
nothuridce,  the  plates  of  the  test  overlap  one  another  in  an 
imbricating  manner,  so  that  the  shell  becomes  quite  flexible ; 
and  the  same  is  the  case  with  some  of  the  Palaeozoic  Echinoids. 
In  all  living  Sea-urchins,  and  in  the  great  majority  of  the  ex- 
tinct forms,  the  test  is  composed  of  twenty  meridional  rows  of 
plates,  aiTanged  in  ten  alternating  zones  (fig.  83,  A),  which 
typically  pass  from  one  pole  of  the  shell  to  the  other,  and 
each  of  which  is  composed  of  two  similar  rows  of  plates.  Five 
of  these  double  rows  are  composed  of  large  plates,  which  are 
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not  perforated  by  any  apertures  (fig.  83,  A  and  B,  a) ;  the 
zones  formed  by  these  imperforate  plates  being  termed  the 


Fig.  83. — Moqshology  of  Echinoidea.  A,  Young  specimen  of  Strongyloceiitroins 
Drobachiefisis,  viewed  from  above  ;  B,  Small  portion  of  the  test  of  the  same,  magni- 
fied ;  C,  Summit  of  the  test  of  Echitms  sphiera,  magnified ;  D,  Clypeaster  subde- 
pressus,  viewed  from  above,  showing  the  petaloid  ambulacra  ;  E,  Spine  of  Poroci- 
daris  purpurata  ;  F,  Pedicellaria  of  Toxopnezistes  lividiis.  a,  a  Ambulacral  areas  ; 
/,  i  Inter- ambulacral  areas  ;  g  Genital  plate  ;  o  Ocular  plate ;  m  Madreporiforra 
tubercle  ;  p  Membrane  surrounding  the  anus.  (Figs.  A,  B,  and  D  are  after  A. 
Agassiz.) 

"  inter -ambulacral  areas."  The  other  five  double  rows  of 
plates  alternate  regularly  with  the  former,  and  are  termed  the 
"  ambulacral  areas,"  or  "  poriferous  zones."  Each  of  these 
zones  (fig.  83,  A  and  B,  i)  is  composed  of  two  rows  of  small 
plates,  which  are  perforated  by  minute  apertures  for  the  emis- 
sion of  the  "ambulacral  tubes,"  or  "tube-feet."  In  one  great 
group  of  the  Echinoids,  the  ambulacral  areas  pass  from  the 
centre  of  the  base  of  the  shell  to  its  summit,  when  they  are 
said  to  be  "perfect"  {ambulacra  perfecta)  or  "simple."  In 
another  great  group  the  ambulacral  areas  are  not  thus  con- 
tinuous from  pole  to  pole,  but  simply  form  a  kind  of  rosette 
upon  the  upper  surface  of  the  shell.    In  these  cases — as  in  the 
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common  Heart  -  urchins  —  the  ambulacral  zones  are  said  to 
be  "  circLimscript "  {ambulacra  circumscripta)  or  *'  petaloid  " 
(fig.  83,  D).  Growth  of  the  test  is  carried  on  by  additions 
made  to  the  edge  of  each  individual  plate,  by  means  of  an 
organised  membrane  which  passes  between  the  sutures,  where 
the  plates  come  into  contact  with  one  another.  The  plates 
of  the  test  are  studded  with  large  tubercles,  which  are  more 
numerous  on  the  inter-ambulacral  areas  than  on  the  ambu- 
lacral (fig.  83,  B).    These  tubercles  carry  spines  (fig.  83,  E, 


and  fig.  84),  used  defensively  and  in  locomotion,  which  are 
articulated  to  their  apices  by  means  of  a  sort  of  "  universal " 
or  "  ball-and-socket "  joint.  Occasionally  a  small  ligamentous 
band  passes  between  the  head  of  the  tubercle  and  the  centre 
of  the  concave  articular  surface  of  the  spine,  thus  closely 
resembling  the  "round  hgament"  of  the  hip-joint  of  man. 
Besides  the  main  rows  of  plates  just  described,  forming  the 
so-called  corona,"  other  calcareous  pieces  go  to  make  up  the 
test  of  an  Echinus.  The  mouth  is  surrounded  by  a  coriaceous 
peristomial  membrane,  which  contains  a  series  of  small  cal- 
careous pieces,  known  as  the  "  oral  plates ; "  whilst  a  corre- 
sponding series  of  "anal  plates"  is  found  in  the  membrane 
(fig.  83,  C,  p)  surrounding  the  opposite  termination  of  the 
alimentary  canal.  Surrounding  the  aperture  of  the  anus  at 
the  summit  of  the  test  is  the  "apical  disc,"  composed  of  the 
so-called  genital  and  ocular  plates  (fig.  83,  C).  The  "  genital 
plates"  are  five  large  plates  of  a  pentagonal  form,  each  of 
which  is  perforated  by  the  duct  of  an  ovary  or  testis.    One  of 


Fig  84. — Cidaris  papillata.    (After  Gosse.) 
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the  genital  plates  is  larger  than  the  others,  and  supports  a 
spongy  tubercle,  perforated  by  many  minute  apertures,  like 
the  rose  of  a  watering-pot,  and  termed  the  "  madreporiform 
tubercle  "  (fig.  83,  C,  w).  In  some  cases,  this  tubercle  is  not 
connected  with  one  of  the  genital  plates,  but  is  placed  in  the 
centre  of  the  apical  disc.  The  genital  plates  occupy  the 
summits  of  the  inter-ambulacral  areas.  Wedged  in  between  the 
genital  plates,  and  occupying  the  summits  of  the  ambulacral 
areas,  are  five  smaller,  heart-shaped,  or  pentagonal  plates, 
known  as  the  "  ocular  plates,"  each  being  perforated  by  a  pore 
for  the  reception  of  an  "  ocellus  "  or  eye." 

Besides  the  spines,  which  are  sometimes  of  a  very  great 
length,  the  test  bears  curious  little  appendages,  called  "  pedi- 
cellariae  "  (fig.  83,  F),  and  originally  supposed  to  be  parasitic. 
Each  of  these  consists  of  a  stem,  bearing  two  or  three,  some- 
times four,  blades  or  claws,  which  snap  together  and  close 
upon  foreign  objects  like  the  beak  of  a  bird.  Their  action 
appears  to  be  independent  of  the  will  of  the  animal,  and  their 
true  function  is  not  known ;  but  they  may  be  regarded  as 
pecuHarly  modified  spines.  One  function  performed  by  the 
pedicellariae,  in  some  species  at  any  rate,  is  the  removal  of 
excrementitious  particles  of  food.  Such  particles,  on  being 
ejected  from  the  vent,  are  seized  by  the  pedicellariae,  passed 
on  from  one  to  another,  and  ultimately  entirely  got  rid  of. 

In  almost  all  recent  Urchins,  the  test  also  carries,  as  shown 
by  Loven,  curious  stalked  appendages  with  button-like  heads, 
covered  with  cilia.  These  so-called  "  sphasridia  "  are  supposed 
to  be  organs  of  sense — probably  of  taste. 

Locomotion  in  the  Echinoidea  is  effected  by  means  of  a 
singular  system  of  contractile  and  retractile  tubes,  which 
constitute  the  "ambulacral  tubes,"  or  "tube -feet,"  and  are 
connected  with  the  "  ambulacral  system  "  of  aquiferous  canals 
(fig.  85).  From  the  perforated  "madreporiform  tubercle"  on 
the  largest  of  the  genital  plates,  there  proceeds  a  membranous 
canal,  known  as  the  "stone"  or  "sand  canal"  whereby 
water  is  conveyed  from  the  exterior  to  a  circular  tube  {r)  sur- 
rounding the  oesophagus,  and  constituting  the  centre  of  the 
water-vascular  or  ambulacral  system.  The  function  of  the 
madreporiform  tubercle  {m)  appears  to  be  that  of  permitting 
the  ingress  of  water  from  the  exterior,  but  of  excluding  any 
solid  particles  which  might  be  injurious;  and  as  its  area  is 
much  larger  than  that  of  the  stone-canal,  it  admits  sea-water 
not  only  to  the  ambulacral  vessels,  but  also  to  the  body-cavit)-. 
The  "circular  canal"  (r)  surrounding  the  gullet  is  situated 
between  the  nervous  and  blood-vascular  rings,  and  gives  oft' 
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five  branches — the  "  radiating  canals  "—which  proceed  radially 
along  the  "  ambulacral  areas  "  in  the  interior  of  the  shell  {a,  a). 
In  this  course  they  give  off 
numerous  short  lateral  tubes 
— the  "  tube-feet " —  which 
pass  through  the  "ambulac- 
ral pores"  to  gain  the  ex- 
terior of  the  test,  and  ter- 
minate in  suctorial  discs. 
Besides  the  radiating  am- 
bulacral canals,  there  are 
connected  with  the  circular 
canal  certain  vesicles  of 
unknown  functions 
known  as  the  "Pohan  vesi- 
cles "  {ampiiUcB  PoliancB). 
Five  Pohan  vesicles  are 
generally  present;  but  some 
forms  are  wholly  without 
these  organs.  The  ambu- 
lacral tubes,  or  tube-feet, 
can  be  protruded  at  the 
will  of  the  animal  through 
the  pores  which  perforate 
the  ambulacral  areas,  and 
can  be  again  retracted.  By 
means  of  these  locomotion 
is  effected,  the  tube-feet  be- 
ing capable  of  protrusion 
to  a  length  greater  than 
that  of  the  longest  spines 
of  the  body.  The  mechan- 
ism by  which  the  tube-feet 
are  protruded  and  retract- 
ed is  as  follows  :  —  Each 
tube-foot,  shortly  after  its 
origin,  gives  rise  to  a  sec- 
ondary lateral  branch,  which  terminates  in  a  vesicle.  These 
vesicles  or  "  ampulla  "  {v)  are  provided  with  circular  muscular 
fibres,  by  the  contraction  of  which  their  contained  fluid  is 
forced  into  the  tube-feet,  which  are  thus  protruded.  Retrac- 
tion of  the  ambulacral  tubes  is  effected  by  proper  muscular 
fibres  of  their  own,  which  expel  again  the  fluid  which  has  been 
forced  into  them  by  the  vesicles.  The  walls  of  the  stone-canal 
are  strengthened  by  calcareous  deposits ;  and  the  terminations 


Fig.  85. — Diagram  ot  the  ambulacral  system 
of  Echinus.  m  Madreporiform  tubercle  ; 
^  Stone-canal  ;  r  Central  cesophageal  ring  ; 
/,  p  Polian  vesicles  ;  a,  a  Radiating  ambu- 
lacral vessels.  Only  the  bases  of  four  of  the 
radiating  vessels  are  shown  ;  and  a  few  of 
the  tube-feet  (/),  with  their  secondary  ves- 
icles or  "ampullae"  (w),  are  shown  on  one 
side  of  one  of  the  radiating  canals. 
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of  the  tube-feet  contain  in  many  forms  a  calcareous  rosette, 
often  with  a  calcareous  ring  below  it,  whilst  the  walls  of  the 
tube-feet  are  furnished  with  calcareous  spicules. 

The  total  area  over  which  the  tube-feet  can  be  protruded 
depends  upon  the  extent  to  which  the  "ambulacral"  or  "  pori- 
ferous" zones  of  the  test  are  developed.  In  the  typical  or 
"  Regular "  Sea-urchins,  the  ambulacral  areas  are  "  perfect," 
and  extend  from  pole  to  pole ;  whereas  in  the  so-called 
"Irregular"  Urchins  (such  as  the  Heart-urchins  and  Cake- 
urchins),  they  are  "  interrupted,"  being  restricted  to  the  sum- 
mit of  the  test,  and  usually  being  broad  and  petaloid  (fig. 
83,  D). 

As  regards  the  digestive  system,  the  mouth  is  typically 
situated  in  the  centre  of  the  base ;  but  it  may  be  excentric ; 
and  in  one  singular  living  form  {Leskid)  it  is  protected  by 
valvular  calcareous  plates.  Some  forms  have  the  mouth  tooth- 
less, but  others  possess  a  complicated  masticating  apparatus. 
In  Echinus  this  consists  of  five  long,  calcareous,  rod-like  teeth, 
which  perforate  five  triangular  pyramids,  the  whole  forming  a 
singular  structure,  known  as  "  Aristotle's  Lantern."  The 
mouth  conducts  by  a  pharynx  and  a  tortuous  oesophagus  to 
a  stomach,  opening  into  a  convoluted  intestine,  which  -winds 
round  the  interior  of  the  shell,  and  terminates  in  a  distinct 
anus.  The  mouth  is  always  situated  at  the  base  of  the  test, 
and  may  be  central,  sub-central,  or  altogether  excentric  in 
position.  The  anus  varies  considerably  in  its  position,  being 
usually  situated  within  the  apical  disc,  and  surrounded  by 
the  genital  and  ocular  plates,  when  the  test  is  said  to  be 
"  regular."  Sometimes,  however,  the  anal  aperture  is  with- 
out the  apical  disc,  and  is  removed  to  some  distance  from 
the  genital  plates,  when  the  test  is  said  to  be  "irregular," 
In  this  last  case,  the  anus,  instead  of  being  apical,  is  marginal 
or  sub-marginal.  The  convolutions  of  the  alimentary  canal 
are  attached  to  the  interior  of  the  test  by  a  delicate  mesentery; 
the  surface  of  which,  as  well  as  that  of  the  lining-membrane  of 
the  shell,  is  richly  ciliated,  and  subserves  the  purposes  of 
respiration. 

The  proper  blood-vascular  system  (fig.  86,  2)  consists  of  a 
central,  fusiform,  contractile  vesicle,  or  heart.  This  gives  off" 
one  vessel,  which  forms  a  ring  round  the  intestine  near_  the 
anus,  and  another  which  passes  downwards,  and  forms  a  circle 
round  the  gullet,  above  the  "circular  canal"  of  the  ambulacral 
system.  From  the  anal  vessel  proceed  five  arterial  branches, 
which  run  along  the  ambulacral  spaces,  and  return  their  blood 
by  five  branches,  which  run  alongside  of  them  in  an  opposite 
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direction.  This  system  of  vessels  is  not  always  present,  and 
its  true  nature  is  doubtful.    High  authorities  regard  it  as  rather 


Fig.  86. — Morphology  of  Echinoidea.    i.  Echinid  larva,    a  Mouth  ;  b  Stomach  ;  c  In- 
testine ;  J  Skeleton. 

2.  Diagram  of  Echinus.  The  spines  and  the  ambulacra  are  represented  over  a 
small  portion  of  the  test ;  the  stone-canal  is  removed  to  one  side  ;  the  vascular  system 
is  cross-shaded;  the  nervous  system  is  represented  by  the  black  line,  a  Anus;  b 
Stomach  ;  c  Mouth  ;  d  and y"  Vascular  rings  round  the  alimentary  canal  ;  e  Heart ;  g 
Test ;  h  Nervous  ring  round  the  gullet ;  i  Ambulacral  ring  or  "  circular  canal  "  round 
the  gullet ;  k  k  Polian  vesicles  ;  /  Sand  canal ;  w  vi  Radiating  ambulacral  canal  ; 
n  Secondary  ambulacral  vesicles;  <?  Ambulacral  tubes,  or  "tube-feet;"  /  Spines; 
r  Madreporiform  tubercle. 


comparable  to  the  "  pseudohaemal  "  systenn  of  the  Annelides, 
than  to  the  blood-system  of  the  higher  animals. 

The  nervous  systerri  consists  of  a  ganglionated  circular  cord, 
which  surrounds  the  gullet  below,  or  superficial  to,  the  "  circular 
canal "  of  the  ambulacral  system,  and  which  sends  five  branches 
along  the  ambulacral  spaces,  in  company  with  the  radiating 
ambulacral  canals. 

The  process  of  respiration  is  carried  on  partly  by  arborescent 
gill-like  organs  placed  round  the  mouth,  which  are  of  the 
nature  of  greatly  developed  tube-feet,  and  which  are  not  uni- 
versally present ;  partly  by  the  tube-feet  and  their  secondary 
vesicles  in  general ;  and  partly  by  the  vascular  lining  of  the 
test  and  the  mesentery.  The  sea-water  is  admitted  to  the 
body-cavity  principally  through  the  "  madreporiform  tubercle," 
only  a  portion  of  the  area  of  this  being,  as  before  remarked, 
occupied  by  the  stone-canal. 

The  sexes  are  distinct  in  all  the  Echinoidea,  and  the  repro- 
ductive organs  are  in  the  form  of  five  membranous  sacs,  which 
occupy  the  inter-ambulacral  areas,  and  open  on  the  exterior  by 
means  of  the  apertures  in  the  genital  plates.  In  the  "irregular" 
Echinoids  (such  as  the  "heart-urchins")  there  are  only  four 
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genital  glands,  and  therefore  only  four  genital  plates  in  the 
apical  disc. 

As  regards  their  development,  most  of  the  Echinoids  pass 
through  a  metamorphosis,  as  spoken  of  previously  in  treating  of 
the  development  of  the  class.  In  these  cases  the  larva  is  so  un- 
like the  adult  animal  that  it  was  originally  described  as  a  distinct 
animal  under  the  name  of  Fluieus,  from  its  resemblance  to  a 
painter's  easel  (fig.  82).  The  larva  exhibits  bilateral  symmetry, 
and  is  furnished  with  provisional  organs  in  the  shape  of  ciliated 
epaulettes,  a  skeleton  of  calcareous  rods,  and  an  alimentary 
canal.  The  adult  Echinoid  is  developed  out  of  a  portion  of  its 
substance  only ;  and  the  rest  of  the  larva  is  absorbed  or  thrown 
off.  In  some  Echinoids,  on  the  other  hand,  the  process  of 
development  is  direct,  and  there  is  no  "  Pluteus  "  stage,  but 
the  young  animal  is  produced  viviparously,  and  simply  requires 
to  grow  to  be  converted  into  the  adult.  Sir  Wyville  Thomson 
has,  further,  shown  that  the  young  are  in  many  of  these  cases 
carried  by  the  mother  for  a  certain  period  of  time  in  a  kind  of 
nursery  or  marsupial  pouch,  formed  principally  by  special 
arrangements  of  the  spines  covering  some  particular  portion  of 
the  test. 

The  typical  Sea-urchins  are  divided  into  the  two  great  groups 
of  the  "  Irregular  "  and  "  Regular  "  Echinoids  (or  the  Echinoi- 
dea  exocyclica  and  Echinoidea  endocyclicd).  The  Irregular  Echin- 
oids have  the  anus  situated  outside  the  apical  disc,  marginal 
or  sub-marginal  in  position,  and  have  only  four  genital  plates. 
They  are  also  mostly  destitute  of  a  masticatory  apparatus  ;  and 
are  generally  of  an  oblong,  pentagonal,  heart-shaped,  or  dis- 
coidal  figure  (as  in  the  common  "  Heart-urchins  "  and  "  Cake- 
urchins  ").  The  "Regular"  Echinoids,  on  the  other  hand, 
have  the  anus  placed  at  the  summit  of  the  test,  surrounded  by 
the  genital  disc;  the  test  is  almost  always  circular  or  sphe- 
roidal ;  and  the  mouth  is  armed  with  a  complicated  mastica- 
tory apparatus. 

Another  singular  group  is  that  of  the  Echinot/iurida,  in  which 
the  test  is  "  regular,"  but  the  plates  of  both  the  ambulacral  and 
inter-ambulacral  areas  are  imbricated  and  overlap  one  another, 
rendering  the  test  quite  flexible.  The  existing  genera,  Calveria 
(or  Asthenosoma)  and  Phormosonta,  and  the  Cretaceous  genus 
Echinothuria,  belong  to  this  group. 

A  fourth  group  of  the  Echinoids  is  that  of  the  Pcrischoechi- 
nidcB,  which  is  not  only  extinct,  but  is  wholly  confined  to  the 
Palaeozoic  period.  In  all  these  ancient  forms  there  is  the  pecu- 
liarity that  the  test  consists  of  more  than  twenty  ro7t's  of  plates, 
there  being  a  multiplication  of  either  the  inter-ambulacral  or 
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the  ambulacral  plates,  though  there  are  still  only  five  inter-am- 
bulacral  and  five  ambulacral  areas.  Thus  in  Archceocidaris, 
PalcEchinus,  Lepidechimis,  and  Eocidaris,  the  ambulacral  areas 
agree  with  those  of  the  recent  Urchins  in  being  composed  of 
only  two  rows  of  plates  ;  whilst  there  are  from  three  to  eight 
or  more  rows  of  plates  in  each  inter-ambulacral  area.  On 
the  other  hand,  in  MeIo?iites  and  Oligoporus,  the  ambulacral 
areas  consist,  respectively,  of  ten  and  four  rows  of  plates.  In 
some  of  the  PerischoechmidcB  the  plates  of  the  test  are  joined  by 
their  edges,  as  in  the  common  living  Urchins ;  but  in  others 
{e. g.,  Lepidechimis)  the  plates  overlap  in  an  imbricating  man- 
ner, as  in  the  recent  EchinothiiridcB,  and  the  test  thus  becomes 
flexible. 


CHAPTER  XX. 

ASTEROIDEA  AND  OPHIUROIDEA. 

Order  Asteroidea  {Stellerida). — This  order  comprises  the 
ordinary  star-fishes,  and  is  defined  by  the  following  characters : 
— The  body  (fig.  87)  is  star-shaped  or  pentag07ial,  and  consists 
of  a  central  body  or  "  disc,^^  surrounded  by  five  or  more  lobes  or 
"  arms"  which  radiate  froffi  the  body,  are  hollow,  and  contain 
prolongations  of  the  viscera.  The  body  is  not  enclosed  in  an 
immovable  box,  as  in  the  Echinoidea,  but  the  integument  (^^ peri- 
some  ")  is  coriaceous,  atid  is  stre?igthejied  by  irregular  calcareous 
plates,  or  studded  by  calcai'eous  spines.  No  deiital  apparatus  is 
present.  The  mouth  is  inferior,  and  central  in  positioji ;  the  anus 
either  absent  or  dorsal.  The  ambulacral  tube-feet  are  protruded 
from  grooves  OJI  the  wider  surfacee  of  the  rays.  The  larva  is 
vermifonn,  and  has  no  pseudembryonic  skeleton. 

The  skeleton  of  the  Asteroidea  is  composed  of  a  vast  number 
of  small  calcareous  plates,  or  ossicula,  united  together  by  the 
coriaceous  perisome,  so  as  to  form  a  species  of  chain-armour. 
Besides  these,  the  integument  is  abundantly  supplied  with 
spines,  tubercles,  and  "  pedicellarise."  Lastly,  the  radiating 
ambulacral  vessels  run  underneath  a  species  of  internal  skele- 
ton, occupying  the  axis  of  each  arm,  and  composed  of  a  great 
number  of  bilateral  "  vertebral  ossicles  "  or  calcareous  plates, 
which  are  movably  articulated  to  one  another,  and  are  provided 
with  special  muscles  by  which  they  can  be  brought  together  or 
drawn  apart.    The  upper  surface  of  a  star-fish  corresponds 
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to  the  combined  inter-ambulacral  areas  of  an  Echinus,  and 
exhibits  the  aperture  of  the  anus  (when  present),  and  the 


Fig.  87. — The  Common  Star-fish  {Uraster  rubens),  natural  size,  viewed  from  above. 

"  madreporiforra  tubercle,"  which  is  situated  near  the  angle 
between  two  rays.  The  inferior  or  ventral  surface  corresponds 
to  the  ambulacral  areas  of  an  Echinus,  and  exhibits  the  mouth 
and  ambulacral  grooves. 

The  mouth  is  central  in  position,  and  is 'not  provided  with 
teeth ;  it  leads,  by  a  short  gullet,  into  a  large  stomach,  from 
which  a  pair  of  sacculated  diverticula  are  prolonged  into  each 
ray.  A  distinct  intestine  and  anus  may,  or  may  not,  be  pre- 
sent; but  the  anus  is  sometimes  wanting  (in  the  genera,  Asiro- 
pecfen,  Ctenodisciis,  and  Luidia). 

The  ambulacral  system  is  essentially  the  same  as  in  the 
Echinoidea,  and  is  connected  with  the  exterior  by  means  of  the 
"  madreporiform  tubercle,"  or  "  nucleus,"  two,  three,  or  more 
of  these  being  occasionally  present.  The  conical  or  cylindrical 
ambulacral  tube-feet  are  arranged  in  two  or  four  rows,  along 
grooves  in  the  under  surface  of  the  arms  (fig.  88).  Each  ambu- 
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lacral  groove  is  continued  along  the  lower  surface  of 
the  arms,  tapering  gradually  towards  the  extremity 
latter.  The  floor  of  each 
groove  is  constituted  by  a 
double  row  of  minute  cal- 
careous pieces — the  "am- 
bulacral  ossicles  "  —  which 
are  movably  articulated  to 
one  another  at  their  inner 
ends.  At  the  bottom  of  each 
groove  is  lodged  one  of  the 
radiating  canals  of  the  water- 
vascular  system  or  ambulac- 
ral  system,  from  which  are 
given  oft"  the  rows  of  suc- 
torial feet,  or  "  tube-feet." 


one  of 
of  the 


Fig.  88. — Diagram  of  a  star-fish  {Goniaster), 


showing  the  under  surface,  with  the  mouth 
and  ambulacral  grooves,  a  Ambulacral  os- 
sicles, with  the  ambulacral  pores  between 
them  :  b  Adambulacral  plates,  bounding  the 
ambulacral  grooves ;  w  Marginal  plates 
(wanting  in  many  species) ;  o  Oral  plates, 
placed  at  the  angles  of  the  mouth. 


It  follows  from  this  that  the 
radiating  vessels  of  the  ambulacral 
system  are  outside  the  chain  of 
ambulacral  ossicles,  so  that  these 
latter  are  to  be  regarded  as  an  in- 

ternal  skeleton,  and  they  do  not  correspond  with  any  part  of  the  skeleton 
of  Echinoids* — at  least  they  do  not  correspond  with  the  perforated  ambu- 
lacral plates  of  the  Sea-urchins.  The  ambulacral  ossicles,  however,  of  the 
Star-fishes  are  of  such  a  form  that  by  their  apposition  an  apertui^e  or  pore 
is  formed  between  each  pair.  ,  By  means  of  these  pores  (fig.  88,  a)  the 
tube-feet  communicate  with  a  series  of  little  bladders  or  "ampullse,"  placed 
above  the  chain  of  ossicles.  These  perforations,  however,  do  not  corre- 
spond with  the  perforated  plates  of  the  Echinoid  test,  and  the  tube-feet  of 
the  Star-fishes  pass  through  no  "poriferous"  plates  on  their  way  to  the 
exterior. 

This  may  be  rendered  more  intelligible  by  examining  a  section  of  the  arm 
of  a  Star-fish  from  which  the  soft  parts  have  been  removed  (fig.  89).  In 
such  a  section  the  ambulacral  ossicles  [a  a)  are  seen  in  the  centre  of  the 
lower  surface,  united  along  the  middle  line  by  their  inner  extremities. 
They  are  so  placed  as  to  form  a  kind  of  elongated  pent-house,  and  imme- 
diately beneath  the  line  where  the  ossicles  of  one  side  are  articulated  with 
those  of  the  other  side  is  placed  the  ambulacral  vessel  {b).  Superficial  to 
this,  again,  is  a  nerve-cord  ;  so  tha?t  the  whole  chain  of  ambulacral  ossicles 
is  placed  in  the  midst  of  the  soft  parts  of  the  animal,  and  is  thus  clearly 
an  internal  skeleton.  At  their  outer  extremities  the  ambulacral  ossicles  are 
articulated  by  the  intervention  of  the  "adambulacral  plates"  (fig.  88,  b), 
with  plates  belonging  to  the  external  or  integumentary  skeleton.  As  be- 
fore said,  the  shape  of  the  ambulacral  ossicles  is  such  that  a  pore  is  formed 
by  the  apposition  of  each  pair  ;  and  by  these  apertures  each  tube-foot  com- 
municates with  a  vesicle  placed  internal  to  the  chain  of  ossicles.    It  will 


*  The  structures  in  the  Echinus,  which  are  truly  homologous  with  the 
ambulacral  ossicles  of  the  Asteroidea  and  Ophiuroidea,  are  the  so-called 
"auricula;." 
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be  seen,  however,  that  the  tube-feet  (indicated  by  the  dotted  lines  in  the 
figure)  do  not  pass  through  these  apertures,  or  through  any  other  pores  of 
the  skeleton,  on  their  way  to  the  surface.  The  "poriferous  zones  "  of  the 
Sea-urchins  are  part  of  the  external  skeleton,  and  are  not  represented  in 
the  Star-fishes.  On  the  other  hand,  the  integumentary  skeleton  in  the 
Star-fishes  is  absent  along  the  ambulacral  areas,  or  along  tlie  areas  occupied 
by  the  ambulacral  grooves. 


Fig.  89. — Section  of  the  ray  of  Urasier  rubens.  a  a  Ambulacral  ossicles  ;  b  Position 
of  the  ambulacral  vessel ;  c  c  Plates  of  the  external  skeleton  ;  «  Nerve-cord.  The 
dotted  lines  show  the  tube-feet  proceeding  from  the  ambulacral  vessel. 


The  blood- vascular  system  consists,  as  in  the  Echinus,  of 
two  circular  vessels,  one  round  the  intestine,  and  one  round 
the  gullet,  with  a  dilated  tube,  or  heart,  intervening  between 
them.  There  are  no  distinct  respiratory  organs,  but  the  sur- 
faces of  the  viscera  are  abundantly  supplied  with  cilia,  and 
doubtless  subserve  respiration ;  the  sea-water  being  freely 
admitted  into  the  general  body-cavity  by  means  of  numerous 
contractile  ciliated  tubes,  which  project  from  the  dorsal  surface 
of  the  body. 

The  nervous  system  consists  of  a  gangliated  cord,  surround- 
ing the  mouth  and  sending  filaments  to  each  of  the  rays.  At 
the  extremity  of  each  ray  is  a  pigment  spot,  corresponding  to 
one  of  the  ocelli  of  an  Echinus,  and,  like  it,  supposed  to  be  a 
rudimentary  organ  of  vision.  The  eyes  are  often  surrounded 
by  circles  of  movable  spines,  called  "  eyelids." 

The  generative  organs  are  in  the  form  of  ramified  tubes, 
arranged  in  pairs  in  each  ray,  and  emitting  their  products 
either  into  the  surrounding  medium,  by  means  of  efferent  ducts 
which  open  round  the  mouth,  or  into  the  general  body-cavity, 
by  dehiscence,  the  external  medium  in  this  latter  case  being 
ultimately  reached  through  the  respiratory  tubes.  In  their 
development,  the  Asteroidea  show  the  same  general  phenomena 
as  are  characteristic  of  tlie  class ;  but  the  larvDe  are  not  pro- 
vided with  any  continuous  endoskeleton.  In  some  Asteroids 
the  larval  forms  have  side-lappets,  and  have  been  described 


c 
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under  the  name  of  BipirmaricB  ;  and  in  these,  as  in  the  Pluteus 
of  the  Echinoids,  a  large  portion  of  the  larva  is  cast  off  as  use- 
less. In  Bipmnaria  asterigera  (Sars)  the  digestive  cavity  is  a 
simple  sac  which  sends  no  prolongations  into  the  rays,  and  the 
mouth  is  inter-radial,  instead  of  being  placed  in  the  centre  of 
the  ambulacral  system.  The  mouth  of  the  adult  is  at  this 
-stage  closed  by  the  soft  external  skin  of  the  larva.  In  other 
Asteroids  the  larvae  have  three  anterior  vermiform  processes, 
and  are  known  as  Brachiolaria. 

The  general  shape  of  the  body  varies  a  good  deal  in  different 
members  of  the  order.  In  the  common  star-fish  {Urastcr 
rubens)  the  disc  is  small,  and  is  furnished  with  long,  finger-like 
rays,  usually  five  in  number  (fig.  87).  In  the  Cribellce  the 
general  shape  of  the  body  is  very  much  the  same.  In  the 
Solas fers  the  disc  is  large  and  well  marked,  and  the  rays  are 
from  twelve  to  fifteen  in  number,  and  are  narrow  and  short 
(about  half  the  length  of  the  diameter  of  the  body).  In  the 
Goniasters  (fig.  88)  the  body  is  in  the  form  of  a  pentagonal 
disc,  flattened  on  both  sides;  the  true  "disc"  and  rays  being 
only  visible  on  the  under  surface  of  the  body.  In  the  singular 
genus  Brisinga,  we  have  in  some  respects  a  transitional  form 
between  the  Asteroids  and  Ophiuroids,  the  arms  being  much 
longer  and  more  slender  than  is  the  case  in  the  typical  Aster- 
oids, at  the  same  time  that  they  are  much  thicker  and  softer 
than  is  the  case  amongst  the  latter.  In  none  of  the  true  star- 
fishes, hoAvever,  are  the  arms  ever  sharply  separated  from  the 
disc,  as  in  the  Ophhiroidea^  but  they  are  always  an  immediate 
continuation  of  it. 

The  principal  groups  of  Asteroidea  are  the  following  : — 

Family  i.  Astej-iadce  or  Asterocantkiidce. — Four  rows  of  ambulacral 
feet. 

Fdvi.  2.  Astropeciinida. — Two  rows  of  ambulacral  feet  ;  back  flattish, 
netted  with  tubercles,  which  carry  radiating  spines  at  the  tip 
("paxillee"). 

Fam.  3.  Oreastridte. — Two  rows  of  ambulacral  feet ;  skin  granular, 

pierced  by  minute  pores. 
Fa7n.  4.  Asterinidce. — Two  rows  of  ambulacral  feet ;  body  discoidal 

or  pyramidal,  sharp-edged  ;  skeleton  of  imbricate  plates  ;  dorsal 

wart  single,  rarely  double. 
Fam.  5.  BHsingidcE. — Arms  long  and  rounded,  sharply  marked  off 

from  the  disc.    Ambulaci-al  grooves  not  reaching  the  mouth  ;  two 

rows  of  ambulacral  feet. 

Order  Ophiuroidea. — Body  stellate,  consisting  of  a  central 
"  disc^^  in  which  the  viscera  are  contained,  and  of  elongated 
"arms  "which  are  sharply  separated  from  the  disc,  solid,  not  contain- 
ing pi'olongations  of  the  viscera,  and  not  furnished  inferiorly  7vith 
ambulacral  grooves.    Larva  generally  pluteiform^  luith  a  skeleton. 
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This  order  comprises  the  small  but  familiar  group  of  the 
"  Brittle-stars  "  and  "  Sand-stars,"  often  considered  as  belong- 
ing to  the  Asteroidea,  to  which  they  are  nearly  allied.  The 
body  in  the  Ophiuroidea  (fig.  90)  is  discoidal,  and  is  covered 
with  granules,  spines,  or  scales,  but  pedicellariae  are  wanting. 
From  the  body — which  contains  all  the  viscera — proceed  long 
slender  arms,  which  may  be  simple  or  branched,  but  which  do 
not  contain  any  prolongations  from  the  stomach,  nor  have 
their  under  surface  excavated  into  ambulacral  grooves.  The 
arms,  in  fact,  are  not  simple  prolongations  of  the  body,  as  in 
the  Asieroidea,  but  are  special  appendages,  superadded  for 
locomotive  and  prehensile  purposes.  Each  arm  is  enclosed 
by  four  rows  of  calcareous  plates,  one  on  the  dorsal  surface, 
one  on  the  ventral  surface,  and  two  lateral.  The  lateral  plates 
generally  carry  more  or  less  well-developed  spines.  In  the 
centre  of  each  arm  is  a  chain  of  quadrate  ossicles,  forming  a 
central  axis,  and  between  this  axis  and  the  row  of  ventral  plates 
is  placed  the  ambulacral  vessel.  Each  ossicle  of  the  central 
chain  is  composed  of  two  symmetrical  halves,  but  these  are 
immovably  articulated  together,  and  are  not  movable  upon  one 
another,  as  in  the  Asteroidea.  The  mouth  is  situated  in  the 
centre  of  the  inferior  surface  of  the  body,  is  provided  with  a 
masticatory  apparatus,  and  is  surrounded  by  tentacles.  It 
opens  directly  into  a  sac-like  ciliated  stomach,  which  is  not  con- 
tinued into  an  intestine,  the  mouth  serving  as  an  anal  aperture. 
The  stomach  is  destitute  of  lateral  diverticula.  The  repro- 
ductive organs  are  situated  near  the  bases  of  the  arms,  and 
open  by  orifices  on  the  ventral  surface  of  the  body  or  in  the 
interbrachial  areas.* 

The  ambulacral  system  is  constructed  upon  the  same  plan 
as  in  the  Echinoids  and  Asteroids ;  but  its  place  as  a  loco- 
motive apparatus  is  taken  by  the  arms.  The  radial  vessels 
of  the  ambulacral  system  are  not  provided  with  secondary 
vesicles  or  "ampullae,"  as  they  are  in  the  Echitioidea  and 
Asteroidea,  and  the  lateral  "  feet "  which  they  give  off  have  no 
terminal  suckers.  The  madreporiform  tubercle  is  placed  on 
the  inferior  surface  of  the  body,  and  is  often  partially  concealed 
by  one  of  the  plates  surrounding  the  mouth. 

Respiration  is  carried  on  by  the  lining  of  the  body-cavity, 
and  by  a  circlet  of  modified  tube-feet  or  tentacles  placed  round 
the  mouth.  The  sea-water  is  admitted  to  the  body-cavity  by 
means  of  the  genital  fissures. 

*  Spontaneous  fission  has  been  observed  by  Liitken  and  Kowalewsky 
to  take  place  in  some  Ophiuroids,  as  also  occasionally  in  some  of  the 
Asteroids.  . 
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The  development  of  the  Ophiuroids  is  sometimes  direct, 
the  young  being  brought  forth  alive,  and,  in  some  cases,  being 
carried  by  the  mother  for  some  period  after  hatching  (Wyville 
Thomson).  More  commonly  there  is  a  pluteiform  embryo, 
which  resembles  that  of  the  Echinoids  in  having  a  continuous 
cndoskeleton. 


Fig.  90. — Ophiuroidea.    a  Ophiura  texiiirata,  the  common  Sand-star ; 
b  Ophicoma  neglecta,  the  grey  Brittle-star.    (After  Forbes.) 


In  Euryale  the  body  is  in  the  form  of  a  sub-globose  disc 
with  five  obtuse  angles,  and  the  arms  are  prehensile.  In 
A'\terophyton,  the  Medusa-head  star,  the  arms  are  divided  from 
the  base,  first  dichotomously,  and  then  into  many  branches. 
In  Ophttira,  the  sand-star,  the  arms  serve  for  reptation  (creep- 
ing), and  are  undivided,  often  exceeding  the  diameter  of  the 
disc  many  times  in  length. 

The  order  Ophiiwoidea  may  be  divided  into  two  families,  as 
follows : — 

Family  i.  Euryalidce. 

Arms  branched  ;  genital  fissures  ten  in  number. 
Fam.  2.  Ophiuridcr. 

Arms  simple  ;  genital  fissures  mostly  five  in  number. 
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CHAPTER  XXI. 

CRINOIDEA,  CYSTOIDEA,  AND  BLASTOIDEA. 

Order  Crinoidea. — The  members  of  this  order  are  Echino- 
dermata,  ia  which  the  body  is  fixed,  during  the  whole  or  a  portion 
of  the  existence  of  the  animal,  to  the  sea-bottom  by  means  of  a 
longer  or  shorter,  jointed,  and  flexible  stalk.  The  body  is  dis- 
tinct, composed  of  articulated  calcareous  plates,  bursiform,  or 
cup-shaped,  and  provided  with  solid  arms,  which  are  typically 
from  five  to  ten  in  number,  are  independent  of  the  visceral 
cavity,  and  are  grooved  on  their  upper  surfaces  for  the  ambu- 
lacra. (The  position  of  the  body  being  reversed,  the  upper 
surface  is  ve?itral ;  whilst  the  dorsal  surface  is  inferior,  and 
gives  origin  to  the  pedicle.)  The  tubular  processes,  however, 
which  are  given  off  from  the  radiating  ambulacral  canals  of  the 
Crinoidea,  unlike  those  of  the  Echinoidea  and  Asteroidea,  are 
not  used  in  locomotion,  but  have  probably  a  respiratory  func- 
tion. The  mouth  is  central,  and  looks  upwards,  an  anal  aper- 
ture being  sometimes  present,  sometimes  absent.  The  ovaries 
are  situated  beneath  the  skin  in  the  grooves  on  the  ventral 
surfaces  of  the  arms  or  pinnules,  as  are  also  the  ambulacral  or 
respiratory  tubes.  The  arms  are  furnished  with  numerous 
lateral  branches  or  "pinnulse."  The  embryo  is  "free  and 
ciliated,  and  develops  within  itself  a  second  larval  form,  which 
becomes  fixed  by  a  peduncle  "  (Huxley). 

If  we  take  such  a  living  Crinoid  as  Rhizocrinus  (fig.  91),  we 
shall  be  able  to  arrive  at  a  comprehension  of  the  leading  cha- 
racters of  this  order.  Rhizocrinus  is  one  of  those  Crinoids 
which  is  permanently  rooted  to  some  foreign  object  by  the 
base  of  a  stalk  which  is  composed  of  a  number  of  calcareous 
pieces  or  articulations.  In  some  cases  (as  in  Apiocrinus)  the 
base  of  the  stem  or  "column"  is  considerably  expanded.  In 
other  cases  the  column  is  simply  "  rooted  by  a  whorl  of  ter- 
minal cirri  in  soft  mud "  (Wyville  Thomson).  The  joints  of 
the  column  are  movably  articulated  to  one  another,  the  joint- 
surfaces  often  having  a  very  elaborate  structure,  so  that  the 
entire  stem  possesses  in  the  living  state  a  greater  or  lesser 
amount  of  flexibility.  Each  joint  is  perforated  centrrilly  by  a 
canal,  which  is  very  inappropriately  termed  the  "alimentary 
canal,"  but  which  in  truth  has  nothing  to  do  with  the  digestive 
system  of  the  animal.  At  the  summit  of  the  stem  is  placed 
the  body,  which  is  termed  the  "  calyx,"  and  which  is  usually 
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more  or  less  cup-shaped,  pyriform,  bursiform,  or  discoidal. 
The  calyx  exhibits  two  surfaces,  a  dorsal  and  a  ventral,  of 
which  the  dorsal  is  com- 
posed, wholly  or  in  part,  of 
calcareous  plates  articulated 
by  their  margins,  whilst  the 
former  is  composed  of  a 
more  or  less  leathery  integu- 
ment, strengthened  by  the 
deposition  in  it  of  numerous 
small  plates  of  carbonate  of 
lime.  The  ventral  surface 
exhibits  the  aperture  of  the 
mouthjwhich  maybe  subcen- 
tral  or  may  be  very  excentric, 
and  which  in  many  extinct 
forms  is  wholly  concealed 
from  view.  The  ventral  sur- 
•face  also  exhibits  the  aper- 
ture of  the  anus,  which  is 
usually  placed  excentrically 
in  one  of  the  spaces  between 
the  arms,  and  which  is  often 
carried  at  the  end  of  a  longer 
or  shorter  tubular  eminence 
or  j)rocess,  which  is  called 
the  "proboscis."  Owing  to 
the  animal  being  supported 
on  a  stalk,  it  is  evident  that 
the  "  ventral  "  surface  is 
turned  upwards,  and  the 
"dorsal  "surface  downwards. 
The  column  springs  from  the 
centre  of  the  dorsal  surface ; 
and  a  stalked  Crinoid  may 
therefore  be  compared  to 
a  Star-fish  turned  upside 
down,  with  its  lower  or  am- 
bulacral  surface  superior, 
and  its  dorsal  surface  looking  downwards.  The  calyx  contains 
the  digestive  canal,  and  the  central  portions  of  the  nervous 
and  water-vascular  (ambulacral)  system ;  but  it  does  not  con- 
tain the  reproductive  organs,  as  is  the  case  with  the  visceral 
cavity  of  the  other  Echinoderms. 

From  the  margins  of  the  calyx,  where  the  dorsal  and  ventral 


I 

Fig.  pi. — Crinoidea.  Rhizocriniis  Lofotensh, 
a  living  Crinoid  (after  Wyville  Thomson), 
four  times  the  natural  size,  a  Stem ;  b  Calyx ; 
c  c  Arms. 
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surfjices  join  one  another,  arise  a  series  of  longer  or  shorter 
flexible  processes,  which  are  composed  of  a  great  number  of 
small  calcareous  articulations,  and  which  are  termed  the  "arms" 
(fig.  92).    The  arms  are  usually  primarily  five  in  number,  but 

they  generally  divide  almost  immediately 
into  two  branches,  each  of  which  may 
again  subdivide ;  the  branches  thus  pro- 
duced perhaps  again  dividing,  until  a 
crown  of  delicate  graceful  filaments  is 
formed.  The  arms  carry  smaller  lateral 
branches  or  "  pinnulas  "  on  both  sides ; 
and  they  are  not  hollow  like  the  arms  of 
the  Star-fishes,  nor  do  they  contain  any 
prolongations  of  the  stomach.  The  upper 
surface  of  the  arms  and  pinnulge  is  covered 
with  a  soft  membrane,  and  below  this  are 
placed  the  reproductive  organs.  The 
generative  organs  are  therefore  not  placed 
within  the  calyx,  and  it  follows  of  neces- 
sity that  there  is  no  generative  opening  or 
"  ovarian  aperture "  in  the  walls  of  the 
calyx.  The  ventral  surfaces  of  the  arms 
and  pinnulge  are  furnished  Avith  grooves, 
which  in  the  living  species  are  seen  to  be 
covered  with  vibratile  cilia.  The  brachial 
grooves  coalesce  till  they  constitute  five  primary  grooves,  which 
are  continued  from  the  bases  of  the  arms  to  the  mouth.  The 
action  of  the  cilia  gives  rise  to  a  constant  current  of  sea-water, 
bearing  organic  matter  in  suspension;  and  this  current  proceeds 
from  the  brachial  grooves  to  the  mouth.  In  this  way  the  ani- 
mal obtains  its  food.  As  the  bases  of  the  arms  are  separated 
from  the  mouth  by  an  intervening  space,  it  follows  that  the 
brachial  grooves  are  continued  over  the  ventral  surface  of  the 
calyx,  till  they  reach  the  oral  opening. 

There  is  no  doubt  that  it  is  by  the  above  arrangement  that 
the  living  Crinoids  obtain  their  food,  and  the  mechanism  seems 
to  have  been  essentially  the  same  in  many  extinct  species.  In 
the  Palgeozoic  Crinoids,  however,  there  seems  to  have  been  a 
modification  of  this  arrangement.  In  these  forms,  the  arms 
have  much  the  structure  of  those  of  the  recent  Crinoids,  and 
are  deeply  grooved  on  their  ventral  surfaces.  The  ventral  sur- 
face of  the  calyx,  however,  exhibits  no  central  aperture,  but  only 
a  proboscidiform  tube,  which  arises  from  one  of  the  interra- 
dial  spaces  {i.e.,  one  of  the  intervals  between  two  of  the  arms). 
This  tube  is  almost  certainly  anal,  but  good  observers  regard 


Fig.  92. — Portion  of  an 
arm  of  Piatycrinus, 
showing  the  lateral  pin- 
nulas. 
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it  as  discharging  the  functions  of  both  mouth  and  anus.  How- 
ever this  may  be,  the  brachial  grooves  are  certainly  not  con- 
tinued over  the  ventral  surface  of  the  calyx,  but  stop  short  at 
the  bases  of  the  arms.  Hence  they  are  continued  as  covered 
passages  or  tunnels  to  a  central  point  in  the  ventral  surface  of 
the  disc.  Here,  it  is  beheved,  is  placed  the  mouth,  concealed 
by  the  calcareous  plates  of  the  perisome. 


Fig.  93. — Platycrintis  tricontadaciylus.  Carboniferous  The  left-hand  figure  shows 
the  calyx,  arms,  and  upper  part  of  the  stem  ;  and  the  figure  next  this  shows  the  sur- 
face of  one  of  the  joints  of  the  column.    The  right-hand  figure  shows  the  proboscis. 


Of  the  living  stalked  Crinoids,  the  best  known  is  the  Penta- 
crintis  Caput-Medusce  of  the  Caribbean  Sea.  Another  West 
Indian  form  is  the  curious  sessile  Holopus.  More  recently  a 
stalked  Crinoid  has  been  discovered  in  the  Atlantic  and  North 
Sea,  and  has  been  described  under  the  name  of  Rhizocrinus 
Lofotensis  (fig.  91).  The  chief  interest  of  this  form  is  the  fact 
that  it  belongs  to  a  group  of  the  Crinoulea  hitherto  believed 
to  be  exclusively  confined  to  the  Mesozoic  rocks — viz.,  the 
Apiocf'inidce  or  "  Pear-encrinites."  In  fact,  Rhizocrinus  is  very 
closely  allied  to  the  Cretaceous  genus  Boiirgiieticrinus^  and  it 
may  even  be  doubted  if  it  is  generically  separable  from  it.  The 
late  remarkable  researches  into  the  life  of  the  deeper  parts  of 
the  ocean  have  brought  to  life  several  new  Crinoids,  which  will 
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doubtless,  when  fully  investigated,  still  further  fill  up  the  interval 
between  the  living  and  extinct  Crinoidea.  Amongst  these  may 
be  mentioned  Pentacrimis  Wyville-TJiomsoni,  BatJiycrmus  gra- 
cilis^ and  Hyocrinus  Bethelliamis. 

In  the  second  type  of  the  Crinoidea — represented  in  our  seas 
by  the  forms  which  are  commonly  known  as  "  Feather-stars," 
and  wliich  are  grouped  together  under  the  general  name  of 
Cotnatula — the  animal  is  not  permanently  fixed,  but  is  only 
attached  by  a  stalk  when  young.  Taking  the  British  Coniatula 
{Antedoii)  rosacea  as  the  type  of  this  group,  the  larva,  after 
various  preliminary  embryonic  changes,  appears  as  a  small 
stalked  Crinoid  (fig.  94,  b),  in  which  state  it  was  described  as  a 
distinct  species  under  the  name  of  Pentacriims  Europceiis.  In  its 


Fig.  94.— Crinoidea.    Comatula  rosacea,  the  Feather-star,    a  Free  adult; 
b  Fixed  young.    (After  Forbes.) 


adult  condition,  however,  the  Comatula  (fig.  94,  a)  is  free,  and 
consists  of  a  pentagonal  disc,  which  gives  origin  to  ten  slender 
arms,  which  are  fringed  with  many  marginal  pinnule  or  "cirri." 
The  mouth  and  anus  are  on  the  ventral  surface  of  the  disc, 
which  in  this  case  is  again  the  inferior  surface,  since  the  animal 
creeps  about  by  means  of  its  pinnated  arms.    The  arms,  \\\ 
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fact,  of  Comatula  appear  to  be  purely  locomotive  in  function, 
and  to  be  never  employed  as  prehensile  organs.  The  animal 
lives  upon  very  minute  organisms,  drawn  into  the  mouth  by  the 
action  of  the  cilia  lining  the  alimentary  canal.  The  dorsal  sur- 
face carries  a  tuft  of  jointed  filaments  or  cirri,  which  are  em- 
ployed to  moor  the  animal  temporarily  to  solid  objects.  The 
mouth  is  central  in  position,  and  the  anus,  which  in  some 
species  forms  a  tubular  proiection,  is  situated  on  one  side. 
Both  the  arms  and  the  lateral  pinnulae  are  grooved  on  their 
ventral  surfaces  for  the  ambulacral  vessels ;  and  the  pinnules 
also  serve  for  the  support  of  the  reproductive  organs.  It  is 
extremely  doubtful  if  the  ambulacral  system,  in  the  adult,  has 
any  communication  with  the  exterior.  Indeed,  some  recent 
observations  would  go  to  show  that  the  ambulacral  vessels  in 
Comahda  are  entirely  absent,  and  the  reference  of  the  Crinoi- 
dea  to  the  Echinodermata  has  been  on  this  ground  disputed. 
The  function,  in  fact,  of  the  water- vascular  system,  if  present, 
appears  to  be  wholly  respiratory,  locomotion  being  entirely 
effected  by  means  of  the  arms.  The  alimentary  canal  is  con- 
fined entirely  to  the  disc,  and  the  stomach  sends  no  diverti- 
cula along  the  arms  as  it  does  in  the  Asieroidea.  According 
to  the  researches  of  Dr  W,  B.  Carpenter,  the  nervous  system 
of  Cojnatula  consists  of  a  central  quinquelocular  organ,  and  of 
a  series  of  radial  branches,  which  differ  from  the  radial  nerve- 
cords  of  the  other  Echinoderms  in  not  running  along  the  ven- 
tral surface  of  the  arms,  but  in  occupying  a  median  canal  in 
the  centre  of  each  arm.  Whilst  the  principal  nerve-cords  have 
this  position,  and  have  a  motor  function,  the  same  distinguished 
observer  has  shown  that  there  exists  in  the  ventral  furrow  of 
each  arm,  below  its  epithelial  lining,  a  fibrillar  band,  which  is 
apparently  of  the  nature  of  a  sensitive  nerve.  The  larva  or 
pseudembryo  of  Comahda  rosacea  is  a  small  ovate  organism, 
with  four  transverse  ciliated  bands,  a  keyhole-shaped  mouth, 
and  a  small  vent  and  rudimentary  intestine,  the  whole  showing 
no  traces  of  radiation.  The  young  Crinoid  is  produced  within 
the  pseudembryo,  and  develops  a  fresh  mouth,  anus,  and 
stomach  for  itself ;  the  first  being  originally  oro-anal  in  func- 
tion, and  being  placed  in  the  centre  of  the  ambulacral  system. 

Several  living  forms  of  Comatula  are  known,  and  have  been 
described  under  various  subordinate  types  {Antedon,  Actino- 
metra,  Cojuaster,  and  Phanogenia)  ]  and  the  group  seems  to  be 
cosmopolitan  in  its  distribution. 

Order  Cystoidea. — Body  geiierally  spheroidal^  pedunculate  or 
sessile,  enclosed  by  calcareous  articulated  plates,  some  of  which  are 
porous  and  are  connected  with  respiration.    Arms  rudimentary, 
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mostly  reduced  to  the  pinnulce  only.  Reproductive  organs  con- 
tained within  the  interior  of  the  calyx. 

The  members  of  this  order  are  all  extinct,*  and  are  entirely 
confined  to  the  Palaeozoic  period.    The  body  (fig.  95)  was, 


Fig.  95. — Hemicosmites  pyriformis,  one  of  the  Cystideans.    The  right-hand  figure 
shows  the  upper  surface  of  the  calyx. 

typically,  more  or  less  spherical,  and  was  protected  by  an  ex- 
ternal skeleton,  composed  of  numerous  polygonal  calcareous 
plates  accurately  fitted  together,  and  enclosing  all  the  viscera 
of  the  animal.  The  body  was  in  most  cases  permanently 
attached  to  the  sea-bottom  by  means  of  a  jointed  calcareous 
"  column  "  or  pedicle,  but  this  was  much  shorter  than  in  the 
majority  of  O'inoids,  and  was,  rarely,  altogether  absent.  Upon 
the  upper  surface  of  the  body  were  two,  sometimes  three, 
apertures,  the  functions  of  which  have  been  a  matter  of  con- 
siderable controversy.  One  of  these  is  lateral  in  position,  is 
defended  by  a  series  of  small  valvular  plates,  and  is  believed 
by  some  to  be  the  mouth,  whilst  by  others  it  is  asserted  to 
have  been  an  ovarian  aperture.  The  view  advocated  by  Mr 
Billings  is  that  this  aperture  was  the  mouth,  or  rather  that  it 
was  oro-anal,  as  was  also  the  proboscis  of  the  Palaeocrinoids. 
The  second  opening  is  central  in  position,  and  it  is  believed 
by  Mr  Billings  to  be  the  "  arnbulacral  orifice,"  as  it  is  always 
in  the  centre  of  the  arms  when  these  are  present.  The  third 
aperture  is  only  occasionally  present,  and  doubtless  discharged 
the  functions  of  an  anus.  High  authorities,  however,  regard 
the  lateral  valvular  aperture  as  the  anus,  and  the  central  aper-, 
ture  as  the  mouth — a  view  which  is  supported  by  the  analogies 
of  recent  forms. 

*  Professor  Loven  has  described  a  singular  Australian  Echinoderm  as 
being  most  closely  allied  to,  if  not  truly  referable  to,  the  order  Cystoidca. 
He  has  named  this  curious  form  Hypoiwme  Sarsi,  and  believes  it  to  be 
nearly  related  to  the  Cystidean  genus  AgclacHnitcs. 
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In  some  Cystoidea  there  were  no  arms,  properly  speaking,  but 
only  small  pinnule.  In  a  second  section  two  arms  were  pre- 
sent, but  these  were  bent  backwards,  and  were  immovably 
soldered  down  to  the  body.  In  one  single  species  ( Comaro- 
cystites punctatus,  Billings),  the  development  has  gone  further, 
the  arms  being  free,  and  provided  with  lateral  pinnule,  as  in 
-the  true  Crinoids. 

Many  Cystideans  are  likewise  provided  with  a  system  of 
pores,  or  fissures,  penetrating  the  plates  of  the  body,  and  usu- 
ally arranged  in  definite  groups.  These  groups  are  termed 
"  pectinated  rhombs,"  but  their  exact  function  is  doubtful.  By 
Mr  Billings,  however,  they  are  believed,  and  apparently  with 
good  reason,  to  have  admitted  water  to  the  body-cavity,  and 
to  have  thereby  subserved  a  respiratory  function. 

Order  Blastoidea. — Body  enclosed  in  an  arnwuj'  of  closely- 
fitting  calcareoics  plates,  attacked  to  some  foreign  body  by  a 
slender  stem.  From  the  sujnmit  of  the  calyx  radiate  five  trans- 
versely-striated and  longituditially-grooved  areas,  which  carry  a 
roiv  of  jointed pinniilce  on  each  side. 

The  members  of  this  order,  like  those  of  the  preceding,  are 
all  extinct,  and  are  entirely  confined  to  the  Palaeozoic  period. 


Fig.  q6. — Morphology  of  Blastoidea.  a  Pentremites  pyriformis,  viewed  side-ways, 
showing  a  portion  of  the  column  ;  b  Summit  of  the  calyx  of  Pentremites  cervinus, 
showing  the  pseud-ambulacral  areas  and  the  apical  apertures  ;  c  Side-view  of  Grana- 
iocrittns  7nelonoides ;  d  Summit  of  Grafiatocriniis  negleciits.  (Figs,  a  and  b  are 
of  the  natural  size  ;  c  and  d  are  slightly  enlarged.)  After  Hall,  and  Meek  and 
Worthen. 

The  body  was  fixed  to  the  bottom  of  the  sea  by  means  of  a 
short,  jointed  pedicle ;  it  was  globular  or  oval  in  shape,  and 
composed  of  solid  polygonal  calcareous  plates,  firmly  united 
together,  and  arranged  in  five  inter-ambulacral  and  as  many 
ambulacral  areas.  (These  ambulacral  areas  are  termed  by 
M'Coy  "  pseud-ambulacra,"  upon  the  belief  that  they  were  not 
pierced  for  tube-feet,  but  that  they  carried  a  double  row  of 
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little  jointed  tentacles  or  arms.)  The  pseud-ambulacra  are 
petaloid  in  shape,  having  a  deep  furrow  down  the  centre,  and 
striated  transversely  They  converge  to  the  summit  of  the 
calyx,  and  each  appears  to  have  carried  a  row  of  small 
jointed  "pinnulae"  upon  each  side.  The  five  pseud-ambul- 
acra, radiating  from  the  summit  of  the  calyx,  give  the  upper 
surface  of  the  body  somewhat  the  appearance  of  a  flower- 
bud  ;  hence  the  name  applied  to  the  order  (Gr.  blastos,  a  bud ; 
eidos,  form).  Upon  the  whole,  it  would  seem  most  probable 
that  the  pseud-ambulacra  of  the  Pejitremites  represent  the  arms 
of  the  Crinoids,  anchylosed  with  the  calyx,  and  that  the  longi- 
tudinal furrows  of  the  pseud-ambulacra  represent  the  "  brachial 
grooves  "  of  the  Crinoids. 

At  the  summit  of  the  calyx  are  six  apertures,  of  which  one 
is  the  mouth,  four  are  ovarian,  and  the  sixth  is  probably  partly 
ovarian  and  partly  anal. 

The  Blastoidea  are  known  more  familiarly  under  the  name 
of  Pe/itremites,  and  they  occur  most  commonly  in  the  Carboni- 
ferous rocks. 


CHAPTER  XXII. 

H  0  L  0  T  H  U R  O  I D  E  A. 

Order  Holothuroidea. —  Vermiform  or  sluglike  Echino- 
derms,  with  a  leathery  skin,  in  which  calcareoics  granules  atid 
spicules  are  generally  developed.  Mouth  surrounded  by  a  circlet 
of  tentacles.  Sexes  mostly  distinct.  Larva  vermiform,  without 
a  skeleton. 

The  members  of  this  order  are  commonly  known  by  the 
name  of  "  sea-cucumbers,"  "  trepangs,"  or  beches-de-mer," 
and  are  the  most  highly-organised  of  all  the  Echinodermata. 
The  body  is  elongated  and  vermiform,  or  rarely  slug-shaped,  i 
and  is  not  provided  with  a  distinct  test,  but  is  enclosed  in  a 
coriaceous  skin,  almost  universally  containing  calcareous  de-  | 
posits  in  the  form  of  scattered  granules  or  spicules,  or  even 
imbricated  scales.    The  ambulacral  tube-feet,  when  present, 
are  typically  disposed  in  five  rows,  which  divide  the  body  into  ' 
an  equal  number  of  longitudinal  segments  or  lobes.  The 
mouth  is  surrounded  by  a  circlet  of  feathery  tentacles,  contam- 
ing  prolongations  from  the  central  ring  of  the  water-vascular 
system  ;  and  an  anus  is  situated  at  the  opposite  extremity  of 
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the  body.  There  is  a  long,  convoluted  intestine.  A  special 
respiratory,  or  water-vascular,  system  is  often  developed,  in  the 
form  of  a  system  of  arborescent  tubes,  which  admit  water  from 
the  exterior.  The  larva  is  vermiform,  and  has  no  skeleton. 
At  a  certain  period  of  their  existence,  the  young  Holothurians 
are  barrel  -  shaped,  with  transverse  rings  of  cilia  (fig.  97, 


Fig.  97. — Annuloida.    a  Heloihiiria  tubulosa,  one  of  the  Sea-cucumbers  ; 
b  and  c  Young  stages  of  the  same. 


They  rotate  rapidly  on  their  long  axis,  and  have  at  this  stage 
been  described  as  a  distinct  genus  under  the  name  of  Auri- 
cularia. 

In  the  typical  Holothurians,  locomotion  is  chiefly  effected 
by  means  of  rows  of  ambulacral  tube-feet,  or  by  alternate  ex- 
tension and  contraction  of  the  worm-like  body;  but  in  the 
Synaptidce,  in  which  there  are  no  ambulacra,  and  only  the 
central  circular  canal  of  the  ambulacral  system  is  present,  the 
animal  moves  by  means  of  variously  shaped  spicula,  which  are 
scattered  in  the  integument.  When  developed,  the  ambulacral 
system  consists  of  a  "  circular  canal,"  surrounding  the  mouth, 
bearing  one  or  more  Polian  vesicles,"  and  giving  off  branches 
to  the  tentacula ;  and  of  five  "  radiating  canals which  run 
down  the  interspaces  between  the  great  longitudinal  muscles. 
These  radiating  canals  give  off  the  tube-feet  and  their  second- 
ary vesicles,  just  as  in  the  Echinus.  In  the  typical  forms  there 
are  five  rows  of  tube-feet,  but  these  organs  may  be  scattered 
over  the  whole  body,  or  may  be  restricted  to  the  ventral  sur- 
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face.  There  is  also  a  "  sand-canal "  which  arises  from  the 
circular  canal,  and  is  terminated  by  a  madreporiform  tubercle  ; 
but  this,  instead  of  opening  on  the  exterior,  hangs  down  freely 
in  the  perivisceral  cavity.  The  fluid,  therefore,  with  which 
the  ambulacral  system  is  filled,  is  derived  from  the  perivisceral 
cavity,  and  not  from  the  exterior,  as  is  usually  the  case. 

The  mouth  is  toothless,  is  situated  anteriorly,  and  is  sur- 
rounded by  a  beautiful  fringe  of  branched,  retractile  tentacles 
(fig.  98),  which  arise  from  a  ring  of  calcareous  plates,  and  into 


Fig.  98.— Holothuroidea.    Thyone  papulosa.    (After  Forbes.) 


which  are  sent  prolongations  from  the  circum-oral  ring  of  the 
ambulacral  system.   These  tentacles,  ten  to  twenty  in  number, 
are  really  modified  tube-feet,  and  probably  serve  in  part  as 
respiratory  organs.    The  mouth  opens  into  a  pharynx,  which 
conducts  to  a  stomach.    The  intestine  is  long  and  convoluted, 
and  usually  opens  into  a  terminal  dilatation,  termed  the 
"  cloaca,"  which  serves  botli  as  an  anus  and  as  an  aperture  for 
the  admission  of  sea-water  to  the  respiratory  tubes.    From  the 
cloaca  arise,  in  many  forms,  two  branched  and  arborescent 
tubes,  the  terminations  of  which  are  c^ecal.    These  run  up 
towards  the  anterior  extremity  of  the  body,  and  together  con- 
stitute the  so-called  "  respiratory  tree."    They  are  highly  con- 
tractile, and  they  perform  the  function  of  respiratory  organs, 
sea-water  being  admitted  to  them  from  the  cloaca.    The  vas- 
cular system  consists  of  two  main  vessels — one  dorsal,  and  the 
other  ventral — connected  with  a  circum-oesophageal  ring.  De- 
velopment is  in  a  few  instances  direct ;  but  in  most  cases  there 
is  a  metamorphosis,  the  larva  being  vermiform,  and  devoid  of 
a  skeleton.    The  nervous  system  consists  of  a  cord,  surround- 
ing the  gullet,  and  giving  off  five  branches,  which  run  alongside 
of  the  radiating  ambulacral  canals.    The  sexes  are  generally, 
but  not  universally,  distinct.    The  generative  organs  are  in  the 
form  of  long,  ramified,  csecal  tubes,  which  open  externally  by 
a  common  aperture,  situated  near  the  mouth.  There  is  thus  no 
trace  of  that  radial  symmetry  which  is  observed  in  the  arrange- 
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ment  of  the  reproductive  organs  in  the  other  orders  of  the 
Echinoderinata. 

The  skin  in  the  Holothurians  is  highly  contractile,  and  the 
body  is  provided  with  powerful  longitudinal  and  circular 
muscles,  in  compensation  for  the  absence  of  any  rigid  integu- 
mentary skeleton.  Many  of  the  Sea-cucumbers,  in  fact,  are 
endowed  with  such  high  contractility  that  they  can  eject  their 
internal  organs  entirely,  if  injured  or  alarmed. 

In  the  family  of  the  Syiiaptidce  there  is  no  respiratory  tree, 
and  the  ambulacral  tube-feet  are  wanting ;  whilst  the  skin  is 
furnished  with  calcareous  spicules  of  various  shapes.  The 
SynaptcB  themselves  burrow  in  the  mud  or  sand,  and  have  the 
skin  furnished  with  innumerable  anchor-shaped  spicules  at- 
tached to  special  "  anchor-plates  "  in  the  integument.  They 
often  form  a  kind  of  protective  case  or  tube  of  sand-grains ; 
and  they  obtain  their  food  by  swallowing  the  mud,  from  which 
they  extract  any  disseminated  nutrient  particles.  In  Chiro- 
dota  the  skin  is  provided  with  microscopic  calcareous  wheels, 
in  the  place  of  anchors.  In  the  Ojicifiolabida,  the  skin  has 
barbed  spicules,  and  there  is  no  respiratory  tree ;  but  these 
forms  differ  from  the  Syjiaptidcz  proper  in  possessing  tube-feet. 

The  order  Holothuroidea  is  divided  into  the  two  following 
sub-orders : — 

Sub-order  i.  Apneumona. 

No  respiratory  tree.    The  ambulacral  tube- feet  wanting  [Synaptidce), 
or  present  ( OncinolabidcB). 
Sub-order  2.  Pneiunonophoi'a. 

A  respiratory  tree.    (Ex.  Hololkipia,  Thyone,  Molpadia,  Psoitis,  Cu- 
cu/naria,  &c.) 


CHAPTER  XXIII. 

DISTRIBUTION  OF  ECHINODERMATA  IN 
SPACE  AND  TIME. 

Distribution  of  Echinodermata  in  Space. — The  Crinoidea 
are  represented  by  very  few  forms  in  recent  seas,  and  these 
have  a  very  local  distribution.  The  ComatulcB  are  the  com- 
monest, and  species  have  been  found  in  most  seas.  The 
species  oi  Pentacrinus  and  Holopus  are  exclusively  confined,  as 
far  as  is  known,  to  the  Caribbean  Sea.  Rhizocrinus  Lofotensis 
has  been  dredged  on  the  coast  of  Norway,  and  in  the  North 
Atlantic,  and  a  form  believed  to  be  the  same  has  been  found 
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in  the  Gulf  of  Mexico.  In  the  North  Atlantic  also,  has  been 
found  another  Apiocrinoid,  which  has  been  described  under 
the  name  o{  Bathycriniis  gracilis.  Several  other  Crinoids  have 
been  found  inhabiting  the  depths  of  the  ocean  in  the  Expedi- 
tion of  the  Challenger. 

The  Asteroidea,  Ophiuroidea,  and  Echinoidea  are  represented 
in  almost  all  seas,  whether  in  tropical  or  temperate  zones,  ex- 
tending their  range  even  into  high  northern  and  southern  lati- 
tudes. They  have  also  a  wide  bathymetrical  range,  extending 
from  between  tide-marks  to  almost  the  greatest  depths  which 
have  yet  been  explored  by  the  dredge.  Some  of  the  Sea- 
Urchins  (such  as  Strojigyiocentrotus  lividus)  have  the  peculiar 
habit  of  hollowing  out  cavities  for  themselves  in  the  solid  rock, 
in  which  they  spend  their  existence.  The  Holothuroidea  enjoy 
a  nearly  world-wide  distribution ;  but  they  have  their  metro- 
polis in  the  Pacific  Ocean,  occurring  abundandy  on  the  coral- 
reefs  of  the  Polynesian  Archipelago.  One  species  {Holothuria 
argus)  is  collected  in  large  numbers,  and  is  exported  to  China, 
where  it  is  regarded  as  a  great  delicacy. 

Distribution  of  Echinodermata  in  Time.  —  Numerous 
remains  of  Echinodermata  occur  in  most  sedimentary  rocks, 
beginning  with  the  Upper  Cambrian  Rocks,  and  extending  up 
to  the  recent  period.  The  two  orders  Cystoidea  and  Blastoidea, 
which  are  the  most  lowly  organised  of  the  entire  class,  are 
exclusively  Palaeozoic ;  and  the  Crinoidea  are  mostly  referable 
to  the  same  epoch.  The  more  highly  organised  Asteroidea 
and  Ophiuroidea  commenced  to  be  represented  in  the  Silurian 
period ;  but  the  Echijioidea.,  with  few  exceptions,  have  no  re- 
presentatives earlier  than  the  Carboniferous  Rocks.  The  fol- 
lowing exhibits  the  geological  distribution  of  the  different  orders 
of  the  Echinodermata  in  somewhat  greater  detail : — 

I.  Crinoidea.* — The  Crinoidea  attained  their  maximum  in 
the  Palaeozoic  period,  from  which  time  they  have  gradually 
diminished  down  to  the  present  day.  As  has  already  been 
described,  the  Palaeozoic  Crijioidea  differ  in  some  important 

*  As  regards  the  calyx  of  the  Crinoidea,  the  following  terms  are  employed 
to  designate  its  different  parts.  The  base  of  the  cup,  or  calyx,  is  termed 
the  "  pelvis,"  and  it  is  made  up  of  from  two  to  five  plates,  which  are  termed 
the  "  basals."  To  the  "  basals  "  succeed  two  or  three  rows  of  plates,  winch 
are  termed  respectively  the  "  primary  radials  "  (or  "parabasals"),  "second- 
ary radials,"  and  "tertiary  radials,"  according  to  their  distance  from  tlie 
basals.  The  axillary  radials,  which  are  the  furthest  removed,  give  origin 
to  the  arms,  and  are  occasionally  called  the  "  scapulse  "  (for  this  reason), 
whilst  the  primary  and  secondary  radials  are  called  the  "costas."  '^^^^^^ 
may  also  be  several  orders  of  plates  developed  between  the  "  radials,"  and 
known  as  the  "  inter- radials." 
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:  particulars  from  those  which  succeeded  them.    The  order  is 
,  well  represented  in  the  Silurian,  Devonian,  and  Carboniferous 
I  Rocks,  but  especially  in  the  latter ;  many  Carboniferous  lime- 
:  stones  (crinoidal  limestones  and  entrochal  marbles)  being  al- 
I  most  entirely  made  up  of  the  columns  and  separate  joints  of 
I  Crinoids.    In  the  Secondary  Rocks  Crinoids  are  still  abun- 
I  dant.    In  the  Trias  the  beautiful  "  Stone-lily  "  {Encrinus  lilii- 
formis)  is  peculiar  to  its  middle  division  (Muschelkalk).  In 
the  Jurassic  period  occur  many  species  of  Apiocrinus  (Pear- 
encrinite),  Pentacri?itcs,  and  Extracrinus.     The  Chalk  also 
abounds  in  Crinoids,  amongst  which  is  a*  remarkable  unat- 
tached form  (the  Tortoise-encrinite  or  Marsupiies). 

Of  the  non-pediculate  Crinoidea,  which  are  a  decided  ad- 
vance upon  the  stalked  forms,  there  are  comparatively  few 
traces ;  but  remains  of  forms  (such  as  Saccosonia  and  Solano^ 
crinus)  allied  to  the  recent  Comatulce  have  been  found  in  the 
Jurassic  and  Cretaceous  deposits. 

2.  Blastoidea. — The  Blastoidea,  or  Pentremites,  are  entirely 
PaliEozoic,  and  attain  their  maximum  in  the  Carboniferous 
Rocks,  some  beds  of  which  in  America  are  known  as  the  Pen- 
tremite  Limestone,  from  the  abundance  of  these  organisms. 
They  are,  however,  also  found  in  the  Silurian  and  Devonian 
Rocks. 

3.  Cystoidea. — These,  like  the  preceding,  are  entirely  Pal- 
aeozoic; but  they  are,  as  far  as  is  yet  known,  exclusively 
confined  to  the  Upper  Cambrian  and  Silurian  Rocks,  being 
especially  characteristic  of  the  horizon  of  the  Bala  Limestone. 
Forms  supposed  to  be  Cystideans  have  been  described  from 
the  Devonian  Rocks,  but  their  true  nature  is  doubtful.  The 
oldest  known  Echinoderms  are  two  extremely  simple  Cysti- 
deans {Trochocystites  and  Eocystites)  which  have  been  discovered 
in  the  primordial  zone  of  North  America. 

4.  Asteroidea. — These  have  a  very  long  range  in  time, 
extending  from  the  Lower  Silurian  period  up  to  the  present 
day.  In  the  Silurian  Rocks  the  genera  Falceaster,  Stenasier, 
FalcBodiscus,  and  Petraster  are  among  the  more  important,  the 
greater  _  number  of  forms  being  Upper  Silurian.  The  next 
period  in  which  star-fishes  more  especially  abound  is  the  Ooli- 
tic (Mesozoic) ;  the  more  important  genera  being  Uraster,  Lui- 
dia,  Astropecten,  Flumaster,  and  Gottiasier,  some  of  which  have 
survived  to  the  present  day.  Many  star-fishes  occur,  also,  in 
the  Cretaceous  Rocks,  the  genera  Oreaster,  Goniodiscus,  and 
Astrogonium  being  among  the  more  noticeable.  In  the  Ter- 
tiary Rocks  few  star-fishes  are  known  to  occur,  but  Go?naster 
and  Astropecten  are  represented  in  the  London  Clay  (Eocene). 
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5.  Ophiuroidea.— The  "brittle-stars"  are  represented  in 
the  Silurian  Rocks  by  the  single  genus  Protaster.  In  the  Tri- 
assic,  Oolitic,  Cretaceous,  and  Tertiary  Rocks  several  genera 
of  Ophiuroidea  are  known  ;  some  being  extinct,  whilst  others 
(such  as  Ophioderma,  Ophiokpis,  and  Ophiocoma)  still  survive 
at  the  present  day. 

6.  EcHiNoiDEA. — This  order  is  represented  in  the  Pateozoic 
Rocks  by  a  single  aberrant  family ;  but  it  is  numerously  repre- 
sented in  the  Mesozoic  and  Kainozoic  periods. 

Of  the  Palseozoic  Urchins  or  Perischo'echinidce,  the  two  most 
abundant  genera  are  Ardiceocidaris  and  Palcechijius ,  both  of 
which  are  principally  Carboniferous,  though  the  latter  occurs 
in  the  Upper  Silurian.  Melonites  and  Oligoporus  are  exclusively 
Carboniferous ;  and  Lepidechinus  and  Eocidaris  are  principally 
so,  though  both  commence  their  existence  in  the  Devonian. 

The  Secondary  and  Tertiary  Echiiioidea  resemble  those  now 
living  in  being  composed  of  not  more  than  twenty  rows  of  cal- 
careous plates.  The  Oolitic  and  Cretaceous  Rocks  are  espe- 
cially rich  in  forms  belonging  to  this  order,  many  genera  being 
peculiar;  but  the  number  of  forms  is  too  great  to  permit  of  any 
selection. 

It  may  be  mentioned,  however,  that  the  singular  genus  Echi- 
nothuria,  with  its  flexible  test,  the  predecessor  of  the  living  Cal- 
veria  and  Phonnoso^na,  is  found  in  the  Chalk. 

7.  HoLOTHUROiDEA. — This  order,  comprising,  as  it  does, 
soft-bodied  animals,  has  left  but  few  traces  of  its  existence  in- 
past  time.  The  calcareous  integumentary  plates  and  spicules 
of  Sea-Cucumbers  are,  however,  by  no  means  absolutely  un- 
known in  the  fossil  condition,  ranging  from  the  Carboniferous 
onwards.  The  shield  Psoitis  has  also  been  detected  in  Post- 
Tertiary  deposits  in  Bute. 
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CHAPTER  XXIV. 
SCOLECIDA. 

Class  II.  Scolecida. — This  class  was  proposed  by  Professor 
Huxley  for  the  reception  of  the  remaining  members  of  the 
Aiumloida,  comprising  the  Rotifcra,  the  Tu7'bella7'ia,  the  Tre- 
vmtoda,  the  Tceniada,  the  Neinatoidea^  the  Acajithocephala,  and 
the  Gordiacea.  Of  these  the  Roiifera  stand  alone ;  whilst  the 
Turbellaria,  Trematoda,  and  TcBuiada  constitute  the  old  divi- 
sion of  the  Platyclmia  (Flat  Worms) ;  and  the  Nejnatoidea, 
Acanthocephala,  and  Gordiacea  make  up  the  old  Ne77iatebnia 
(Round  Worms  or  Thread-worms).  For  some  purposes  these 
old  divisions  are  sufficiently  convenient  to  be  retained,  though 
they  are  of  little  scientific  value.  The  term  Eiitozoa  has 
acquired  such  a  general  currency  that  it  is  necessarily  employed 
occasionally,  but  it  has  been  used  in  such  widely  different 
senses  by  different  writers,  that  it  would  be  almost  better  to 
discard  it  altogether.  It  certainly  cannot  be  used  as  synony- 
mous with  Scolecida,  many  of  these  not  being  parasitic  at  all. 
It  will  therefore  be  employed  here,  in  a  restricted  sense,  to 
designate  those  orders  of  the  Scolecida  which  are  internal 
parasites,  comprising  the  Trcmaloda,  Tceniada,  Ncinatoidca  (in 
j)art),  Acanthocephala,  and  Gofdiacea.    The  Turbcllaria  and 
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I  Rotifera,  with  a  section  of  the  Nematoidea,  lead  a  free  exist- 
lence,  and  are  not  parasitic  within  other  animals. 

,  The  Scolecida  are  defined  by  the  possession  of  a  "  water- 
'  vascular  system,"  consisting  of  a  "  remarkable  set  of  vessels 
which  communicate  with  the  exterior  by  one  or  more  apertures 
,  situated  upon  the  surface  of  the  body,  and  branch  out,  more 
or  less  extensively,  into  its  substance  "  (Huxley).    No  proper 
vascular  apparatus  is  present,  and  the  nervous  system  (when 
present)    "consists   of  one   or   two   closely  approximated 
ganglia."    The  habits  and  mode  of  life  of  the  diflerent  niem- 
Ibers  of  the  Scolecida  are  so  difterent,  that  no  other  character, 
I  save  the  above,  can  be  predicated  which  would  be  common  to 
I  the  entire  class,  and  would  not  be  sliared  by  some  other  allied 
i  division.    The  most  important  morphological  feature  by  which 
I  the  Scolecida  are  separated  from  the  Annelida,  is  that  they  are 
1  destitute  of  the  ventral  gangliated  nerve-chain  which  is  so 
I  characteristic  of  the  latter  group. 

Division  I.  Platvelmia. — This  section  includes  those  Scole- 
cida which  possess  a  more  or  less  flattened  body,  usually  some- 
what ovate  in  shape,  and  not  exhibiting  anything  like  distinct 
segmentation.  The  division  includes  two  parasitic  orders — 
the  TcBuiada  and  the  Trematoda ;  and  one  non-parasitic  order 
— viz.,  the  Turbellaria.  A  sub-order,  however,  of  this  last, 
the  JVemertidce,  does  not  conform  to  the  above  definition  ;  but 
their  other  characters  are  such  as  to  forbid  their  separation. 

Order  I.  T^eniada  [Cestoidea). — This  order  comprises  the 
internal  parasites,  called  Tape-worms  (Cestoid  worms),  and 
the  old  order  of  the  "  Cystic  worms  "  (Cystica) ;  the  latter 
being  now  known  to  be  merely  immature  forms  of  the  Tape- 
.  worms. 

The  Tceniada  are  Scolecids  in  which  the  body  of  the  adult 
is  elongated  and  composed  of  flattened  joints,  the  anterior  ex- 
tremity {''head")  armed  with  hooklets,  or  suckers,  or  both  com- 
'  bined.  There  is  710  mouth  or  alimentary  canal,  and  the  young 
pass  through  a  metamorphosis.  The  mature  animal  is  hermaph- 
rodite. 

In  their  mature  condition,  the  Tceniada  (see  figs,  99  and  100) 
are  always  found  inhabiting  the  alimentary  canal  of  some  warm- 
'  blooded  vertebrate  animal ;  and  they  are  distinguished  by 
their  great  length,  and  by  being  composed  of  a  number  of 
flattened  joints  or  articulations.  These  joints  are  not,  how- 
ever, an  example  of  true  segmentation,  nor  do  they  really 
constitute  the  Tape-worm ;  the  true  animal  being  found  in 
the  small,  rounded,  anterior  extremity,  the  so-called  "head," 
or  "nurse,"  whilst  the  joints  are  simply  hermaphrodite,  gene- 
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rative  segments,  which  the  "  head  "  throws  ofif  by  a  process 
of  gemmation.  The  "  head  "  (fig.  loo,  3,  and  fig.  99,  e),  which 
constitutes  the  real  Tape-wcm,  is  a  minute,  rounded  body, 
which  is  furnished  with  a  circlet  of  hooks  or  suckers,  or  both, 
whereby  the  parasite  is  enabled  to  maintain  its  hold  upon 
the  mucous  membrane  of  the  intestines  of  its  host.  No 
digestive  organs  of  any  kind  are  present,  not  even  a  mouth ; 
and  the  nutrition  of  the  animal  is  entirely  effected  by  imbi- 
bition. The  nervous  system  consists  of  two  small  ganglia, 
which  send  filaments  backwards  ;  but  there  is  considerable 
obscurity  on  this  point,  and  it  has  been  asserted  that  the 
nervous  system  is  entirely  wanting,  or  that  there  is  only  a 
single  ganglion.  The  "  water-vascular  system  "  consists  of  a 
series  of  long  vessels  which  run  down  each  side  of  the  body, 
communicating  with  one  another  at  each  articulation  by 
means  of  a  transverse  vessel,  and  opening  in  the  last  joint 
into  a  contractile  vesicle.  It  thus  appears  that  all  the  joints 
are  organically  connected  together.  Whilst  the  "  head  "  con- 
stitutes the  real  animal,  it  nevertheless  contains  no  repro- 
ductive organs,  and  these  are  developed  in  the  joints  or 
segments  (fig.  100,  3,  and  fig.  99,  h\  which  are  produced  from 


Fig.  gq—Morphology  of  To'mada.  a  Head  and  a  few  following  segments  of  Ta-iiui 
Ziediocanellata;  b  A  few  segments  of  the  same  further  removed  from  the  head  ; 
c  and  d  Segments  progressively  further  removed  from  the  head,  all  of  the  natural 
size ;  e  Head  of  the  same,  enlarged  ;  h  A  single  proglottis  of  the  same,  with  its 
branched  ovary  and  lateral  genital  pore,  enlarged  two  diameters ;  /  Embryo  ot 
Tania  bacillaris,  with  six  hooklets  ;  g  Cysticercns  cellulosce,  with  its  booklets  ana 
suckers,  its  wrinkled  neck,  and  its  caudal  vesicle,  enlarged.  (After  Leuckart,  \  an 
Beneden,  and  Weinland.) 

the  head  posteriorly  by  budding.  After  the  first  joint,  each 
new  segment  is  intercalated  between  the  head  and  the  seg- 
ment, or  segments,  already  formed  ;  so  that  the  joints  nearest 
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the  head  are  those  latest  formed,  and  those  furthest  from  the 
head  are  the  most  mature.  Each  segment,  when  mature,  con- 
tains both  male  and  female  organs  of  generation,  and  is  there- 
fore sexually  perfect.  To  such  a  single  segment,  (figs.  100,  4, 
and  99,  h),  the  term  "  proglottis "  is  applied,  from  its  resem- 
blance in  shape  to  the  tip  of  the  tongue.  The  ovary  is  a 
branched  tube,  which  occupies  the  greater  part  of  the  pro- 
glottis, and  opens,  along  with  the  efferent  duct  of  the  male 
organ,  at  a  common  papilla,  which  is  perforated  by  an  aper- 
ture, termed  the  "  generative  pore."  The  position  of  this  pore 
varies,  being  placed  in  the  centre  of  one  of  the  lateral  margins 
of  the  proglottis  in  the  common  Tape-worms  of  man  {Tania 
solium  and  T.  mediocafiellata),  but  being  situated  upon  the  flat 
surface  of  the  segment  in  the  rarer  Bothriocephalus  latus. 
These  two  elements— namely,  the  minute  head,  with  its  hook- 
lets  and  suckers,  and  the  aggregate  of  the  joints,  or  pro- 
glottides— together  compose  what  is  commonly  called  a  "  Tape- 
worm," such  as  is  found  in  the  alimentary  canal  of  man,  and 
of  many  animals.  The  length  of  this  composite  organism 
varies  from  less  than  an  inch  to  several  yards. 

Singular  as  is  the  composition  of  the  mature  Tape-worm, 
still  more  extraordinary  are  the  phenomena  observed  in  its 
development,  of  which  the  following  is  a  brief  account : — 

Proglottides,"  or  the  sexually  mature  segments  of  a  Tape- 
worm, are  only  produced  within  the  alimentary  canal  of  man, 
or  of  some  other  warm-blooded  vertebrate.  The  development 
of  the  ova  which  are  contained  in  the  proglottides,  cannot, 
however,  be  carried  out  in  this  situation  ;  hence  the  compara- 
tive harmlessness  of  this  parasite,  and  hence  the  name  of 
*' solitary  worm,"  which  is  sometimes  applied  to.it.  For  the 
production  of  an  embryo,  it  is  necessary  that  the  ovum  should 
be  swallowed  by  some  animal  other  than  the  one  inhabited  by 
the  mature  Tape-worm.  If  this  does  not  take  place,  the  fecun- 
dated ovum  is  absolutely  unable  to  develop  itself.  To  secure 
this,  however,  the  dispersion  of  the  ova  is  provided  for  by  the 
expulsion  of  the  ripe  proglottides  from  the  bowel,  all  their 
contained  ova  having  been  previously  fertilised.  After  their 
discharge  from  the  body,  the  proglottides,  which  for  some  time 
retain  their  vitality  and  possess  some  power  of  movement,  de- 
compose, and  the  ova  are  liberated  (fig.  100,  i),  when  they  are 
found  to  be  covered  by  a  capsule  which  protects  them  from  all 
ordinary  mechanical,  and  even  chemical,  agencies,  which  might 
prove  injurious  to  them.  In  this  stage,  the  embryo  is  often  so 
far  developed  within  the  ovum  that  its  head  may  be  recognised 
by  its  possession  of  three  pairs  of  siliceous  booklets.  For 
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further  development,  it  is  now  necessary  that  the  ovum  be 
swallowed  by  some  warm-blooded  vertebrate,  and  should  thus 
gain  access  to  its  alimentary  canal.  When  this  takes  place,  the 
protective  capsule  or  covering  of  the  microscopically  minute 
ovum  is  ruptured,  either  mechanically  during  mastication,  or 
chemically  by  the  action  of  the  gastric  juice  ;  and  the  embryo 
is  thus  liberated.  The  liberated  embryo  (fig.  99,  /)  is  now 
called  a  "  proscolex,"  and  consists  of  a  minute  vesicle,  which 
is  provided  with  three  pairs  of  siliceous  spines,  fitted  for  bor- 
ing through  the  tissues  of  its  host.  Armed  with  these,  the 
proscolex  perforates  the  wall  of  the  stomach,  and  may  either 
penetrate  some  contiguous  organ,  or  may  gain  access  to  some 
blood-vessel,  and  be  conveyed  by  the  blood  to  some  part  of 
the  body,  the  liver  being  the  one  most  likely. 

Having  by  one  of  these  methods  reached  a  suitable  resting- 
place,  the  proscolex  now  proceeds  to  surround  itself  with  a 
cyst,  and  to  develop  a  vesicle,  containing  fluid,  from  its  pos- 
terior extremity,  when  it  is  called  a  "  scolex"  (fig.  100,  2,  and 


Fig.  100.— Morphology  of  Taeniada.  i.  Ovum  containing  the  embryo  \n  its  leathery 
case.  2.  Cysticercus  longicollis.  3.  "  Head "  of  adult  Tcrnia  solium  enlarged, 
showing  the  booklets  and  cephalic  suckers.  4-  A  single  generative  joint,  or  pro- 
glottis, magnified,  showing  the  dendritic  ovary  (<7),  the  generative  pore  (a),  and  the 
water-vascular  canals  (b).  5.  A  portion  of  a  tape-worm  (strobila),  showing  the 
alternate  arrangement  of  the  generative  pores. 

fig-  99-  <?■)•  In  some  of  the  Taniada  the  scolices  are  called 
"hydatids,"  and  it  is  these,  also,  which  constituted  the  old 
order  of  the  "  Cystic  Worms."    When  thus  encysted  within 
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the  tissues  of  an  animal,  the  "  scolex  "  consists  simply  of  a 
tsnioid  head,  with  a  circlet  of  hooklets  and  four  "  oscula  "  or 
suckers,  united  by  a  contracted  neck  to  a  vesicular  body.  It 
contains  no  reproductive  organs,  or,  indeed,  organs  of  any 
kind,  and  cannot  attain  any  further  stage  of  development,  un- 
less it  be  swallowed  and  be  taken  for  the  second  time  into  the 
alimentary  canal  of  a  warm-blooded  vertebrate.  It  may  in- 
crease, and  produce  fresh  scolices,  but  this  takes  place  simply 
by  a  process  of  gemmation.  The  series  of  changes,  however, 
whereby  the  scolex  is  converted  into  the  "  strobila,"  or  adult 
tape-worm,  cannot  be  carried  out  unless  the  scolex  gain  access 
to  the  alimentary  canal  of  a  warm-blooded  vertebrate.  In  this 
case,  the  scolex  attaches  itself  to  the  mucous  membrane  of  the 
intestinal  tube  by  means  of  its  cephalic  hooklets  (when  these 
are  present)  and  suckers.  The  caudal  vesicle  now  drops  off,  and 
the  scolex  is  thus  converted  into  the  "  head  "  of  the  tape-worm. 
Gemmation  then  commences  from  its  posterior  extremity,  the 
first  segments  being  immature.  As  the  first- formed  joints, 
however,  are  pushed  further  from  the  head  by  the  constant 
intercalation  of  fresh  articulations,  they  become  sexually  mature, 
thus  constituting  the  "proglottides"  of  the  adult  tape- worm 
with  which  the  cycle  began.  To  the  entire  organism,  with  its 
*'head"  and  its  mature  and  immature  joints  ("  proglottides  "), 
the  term  "  strobila  "  is  now  applied. 

In  the  development,  therefore,  of  the  tape-worm,  we  have  to 
remember  the  following  stages  : — 

1.  The  ovzim,  set  free  from  a  generative  joint,  or  proglottis. 

2.  The  proscolex,  or  the  minute  embryo  which  is  liberated 
from  the  ovum,  when  this  latter  has  been  swallowed  by  any 
warm-blooded  vertebrate. 

•  3.  The  scolex,  or  the  more  advanced,  but  still  sexually  im- 
perfect embryo,  into  which  the  proscolex  develops,  when  it  has 
encysted  itself  within  the  tissues  of  its  host.  (Under  this  head 
come  the  so-called  "  Cystic  Worms.") 

4.  The  strobila,  or  adult  tape-worm,  into  which  the  scolex 
develops  itself,  Avhen  received  into  the  ahmentary  canal  of  a 
warm-blooded  vertebrate.  The  strobila  is  constituted  by  the 
"  head,"  and  by  a  number  of  immature  and  mature  generative 
segments  or  joints,' termed  the  "proglottides." 

The  subject  will  perhaps  be  more  clearly  understood  by 
foil  owing  the  development  of  one  of  the  common  tape-worms 
of  man — viz.,  the  Tcenia  solium.  Commencing  with  an  indivi- 
dual who  is  already  suffering  from  the  presence  of  this  parasite, 
one  of  the  most  distressing  symptoms  of  the  case  is  found  to  be 
the  escape  of  the  joints  of  the  animal  from  the  bowel.  These 
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joints  are  the  ripe  "  proglottides,"  containing  the  fecundated 
ova.  When  the  ova — which  are  microscopic  in  size — are  hbe- 
rated  by  the  decomposition  of  the  proglottis,  they  may  gain 
access  to  water,  or  be  blown  about  by  the  wind.  In  many  ways, 
it  is  easy  to  understand  how  one  ot  them  maybe  swallowed  by 
a  pig.  When  this  occurs,  a  "  proscolex  "  is  liberated  from  the 
ovum,  and  bores  its  way  through  the  walls  of  the  stomach,  to 
become  a  "  scolex."  It  now  takes  up  its  abode,  generally  in 
the  muscles,  in  which  position  it  was  originally  described  as  a 
cystic  worm  under  the  name  of  Cysticercus  cellidosce  (fig.  99, 
constituting  what  is  commonly  known  as  the  "  measles  "  of  the 
pig.  In  this  state  the  scolex  will  continue  for  an  indefinite 
period  ;  but  if  a  portion  of  "  measly  "  pork  be  eaten  by  a  man, 
then  the  scolex  will  develop  itself  into  a  tape-worm.  The 
scolex  fixes  itself  to  the  mucous  membrane  of  the  intestine, 
throws  off  its  caudal  vesicle,  and  commences  to  produce  "  pro- 
glottides "  instead,  becoming  thus  the  "  strobila  "  of  the  TcBtiia 
solium,  with  which  we  originally  started.  The  other  common 
tape-worm  of  man — viz.,  the  Tcenia  mediocanellata — is  derived 
in  an  exactly  similar  manner  from  the  "  measles  "  of  the  ox. 
In  like  manner,  the  tape- worm  of  the  cat  {Tcenia  crassicollis)  is 
the  mature  form  of  the  cystic  worm  of  the  mouse  {Cysticercus 
fasciolaris) ;  the  tape-worm  of  the  fox  {Tcznia  pisiformis)  is 
derived  from  the  cystic  worms  of  hares  and  rabbits  {Cysticercus 
pisiformis) ;  one  of  the  tape-worms  of  the  dog  {Tcenia  serrata)  is 
the  developed  form  of  the  Ccenurus  cerebralis  of  the  sheep,  the 
cystic  worm  which  causes  the  "  staggers  "  in  the  latter  animal ; 
another  of  the  tape-worms  of  the  dog  {T.  echinococcus)  spends  its 
larval  stage  in  the  tissues  of  man  ;  and  T.  marginata  of  the 
dog  and  wolf  is  the  mature  stage  of  the  Cysticercus  tenuicollis 
of  the  ruminants  and  of  the  pig.  On  the  other  hand,  the 
embryo  of  the  "  Russian  tape-worm"  {Bothriocephalus  latus)  is 
not  *'  cystic,"  but  is  ciliated  and  furnished  with  booklets,  whilst 
the  scolex  apparently  leads  an  independent  life  in  water,  and 
possesses  no  intermediary  bearer. 

Besides  being  liable  to  the  attacks  of  various  species  of  adult 
tape-worms,  man  is  not  uncommonly  attacked  by  "  scolices,"  or 
the  larval  forms  of  the  tape-worms  of  other  animals.  Thus, 
what  are  professionally  termed  "  hydatids  "  are  really  the 
scolices  of  one  of  the  tape-worms  of  the  dog  (the  Tcznia  echino- 
coccus). The  "strobila"  or  adult  worm  (fig.  loi.  A)  is  only 
about  a  quarter  of  an  inch  in  length,  and  is  singular  in  con- 
sisting of  only  four  segments,  including  the  "head."  The 
last  segment  is  sexually  mature,  and  the  head  is  furnished  with 
booklets  and  suckers.    The  egg  gives  rise,  when  swallowed  by 
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man,  to  a  "  proscolex,"  which  bores  its  way  through  the  walls 
of  the  stomach,  and  finds  a  lodgment  in  some  solid  organ — 
very  commonly  the  liver.  The  primitive  scolex  now  consists 
of  a  spherical  vesicle  (fig,  loi,  C),  with  a  thick  laminated  ex- 


Fig,  loi. — A,  Sexually  mature  Tcenia  echtnococcus,  showing  the  head  with  its  hooklets 
and  suckers,  and  the  three  succeeding  proglottides,  the  last  containing  the  reproduc- 
tive organs  (enlarged),  Ovary,  z/ Water-vessels  ;  B,  Interiorof  a  portion  of  a  hydatid 
cyst,  showing  the  brood-capsules  and  included  Echinococci  (from  Man)  ;  C,  Young 
Echtnococcus,  about  six  weeks  old,  showing  the  thick  laminated  outer  capsule  and 
the  inner  granular  contents  ;  D,  Single  Echinococciis  (from  Man),  showing  the  hook- 
lets,  contained  "  calcareous  corpuscles,"  and  pedicle.  (All  the  figures  are  enlarged.) 
After  Spencer  Cobbold  and  Wilson. 

ternal  covering  enclosing  a  central  granular  mass.  This  mass 
ultimately  forms  a  cellular  membrane  lining  the  outer  lamin- 
ated envelope,  and  from  it  are  developed  numerous  secondary 
"  scolices,"  each  of  which  is  attached  to  the  parent  cyst  by  a 
pedicle,  and  is  furnished  with  a  crown  of  hooklets  and  four 
suckers,  but  is  destitute  of  a  caudal  vesicle  (fig.  loi,  D).  In 
fact  the  parent  cyst  may  be  regarded  as  morphologically  com- 
posed of  the  coalescent  caudal  vesicles  of  the  contained 
"heads"  or  ^'■Echinococci."  The  parent  cyst  may  grow  to  a 
great  size,  and  is  filled  with  a  clear  fluid,  whilst  instead  of 
producing  simple  "  Echinococci,"  it  may  bud  off  numerous 
"brood-capsules,"  each  of  which  develops  in  its  interior  a 
group  of  Echiiiococais  heads  (fig.  loi,  B),  or  it  may  produce 
numerous  secondary  cysts,  which  may  repeat  the  process,  and 
all  of  which  may  incessantly  produce  "  brood-capsules "  and 
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"  Echinococci."  The  disease  known  as  "  hydatids "  in  the 
human  subject  is,  therefore,  indicated  by  the  presence  in  the 
liver  or  other  solid  organ  of  strong  membranous  cyst,  often  of 
large  dimensions,  filled  with  a  transparent  watery  fluid,  and 
having  attached  to  its  interior  innumerable  minute  secondary 
"  scolices,"  or  "  brood-capsules,"  or  containing  daughter  cysts 
produced  by  a  peculiar  form  of  gemmation.  In  some  coun- 
tries, as  in  Iceland,  the  disease  is  very  common,  and  it  is  of  a 
very  serious  character,  as  the  growth  of  the  tumour  is  apt  to 
gravely  interfere  with  the  vital  functions,  or  even  to  produce 
fatal  results.  The  symptoms,  of  course,  depend  upon  the 
position  occupied  by  the  cyst,  and  the  importance  to  life  of  the 
organ  affected. 


CHAPTER  XXV. 

TREMATODA  AND  TURBELLARIA. 

Order  Trematoda. — Leaf-like  internal  {sometimes  external) 
parasites,  provided  with  one  or  more  ventral  suckers ;  a  mouth 
afid  alimenta?y  canal,  but  no  anus.  No  body-cavity.  Integument 
of  the  adult  not  ciliated.  Sexes  generally  united.  This  order 
includes  a  group  of  animals,  which,  like  the  preceding,  are 
parasitic,  and  are  commonly  known  as  "suctorial  worms"  or 
"  Flukes."  They  inhabit  various  situations  in  different  ani- 
mals— mostly  in  birds  and  fishes — and  they  are  usually  flat- 
tened or  roundish  in  shape.  The  body  is  provided  with  one 
or  more  suctorial  pores  for  adhesion.  An  intestinal  canal, 
with  one  exception,  is  always  present,  but  this  is  simply  hol- 
lowed out  of  the  substance  of  the  body,  and  does  not  lie  in  a 
free  space,  or  "perivisceral  cavity."  The  intestinal  canal  is 
often  much  branched,  and  possesses  but  a  single  external 
opening,  which  serves  alike  as  an  oral  and  an  anal  aperture, 
and  is  usually  placed  at  the  bottom  of  an  anterior  suctorial 
disc.  The  sexes  are  mostly  united  in  the  same  individual. 
A  "  water-vascular "  system  is  always  present,  and  consists  of 
two  lateral  vessels  which  generally  open  on  the  surface  by  a 
common  excretory  pore.  The  nervous  system  consists  of  two 
pharyngeal  ganglia.  With  few  exceptions,  the  sexes  are  united 
in  the  same  individual;  and  the  young  may  be  developed 
directly  into  the  adult,  or  may  pass  through  a  complicated 
metamorphosis,  which  varies  in  different  cases,  and  does  not 
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1  admit  of  description  here.  In  many  cases,  the  larvas  are 
"  cercariform,"  or  "  tailed ; "  and  one  of  the  early  stages  of 
their  existence  is  often  spent  in  the  interior  of  fresh-water 
molluscs,  from  which  they  are  finally  transferred  to  their  de- 
finitive host. 

The  "  Flukes  "  inhabit,  in  their  adult  condition,  the  most 
varied  situations.  Most  are  internal  parasites,  living  in  the 
intestines  or  hepatic  ducts  of  mammals,  birds,  or  batrachians, 
the  vitreous  humour  or  lens  of  the  eye,  the  blood-vessels,  &c. 
A  few  are  external  parasites,  living  on  the  skin  and  gills  of 
fishes,  crustaceans,  and  other  animals. 

From  the  absence  of  a  perivisceral  cavity,  the  Trematoda  were  foiined  by 
I  Cuvier  into  a  separate  division  of  Entozoa,  under  the  name  of  Vers  Intes- 
\  tinaiix  Parenchy7nateux,  along  with  the  Tceniada  and  Acanthocephala,  in 
!  which  no  alimentary  canal  is  present.    By  Owen,  for  the  same  reason, 
I  they  are  included  in  a  distinct  class,  imder  the  name  of  Ste7-ehnintha. 
\      The  Distoma  {Fasciola)  hepaticum  (fig.  102,  l)  may  be  taken  as  the  type 
i  of  the  Tj-ematoda.    It  is  the  common  "  Liver-fluke  "  of  the  sheep,  and 
i  inhabits  the  gall-bladder  or  biliary  ducts,  giving  rise  to  the  disease  known 
j  as  the  "rot."    In  form  it  is  ovate,  and  flattened  on  its  two  sides,  and  it 
j  presents  two  suctorial  discs,  the  anterior  of  which  is  perforated  by  the 
aperture  of  the  mouth,  whilst  the  posterior  is  impervious.    Between  the 
suckers  is  the  "genital  pore,"  at  which  the  efferent  ducts  of  the  reproduc- 
tive organs  open  on  the  exterior.    A  branched  water- vascular  system  is 


k'  -.  Distoma  hepnikuiii,  the  "Liver-fluke,"  showing  the 

branched  alimentary  canal.  2.  KxAc.r\ox  ^■iLXx^mX.y  Distoma  lanceolatmn.  «  An- 
terior sucker  ;  b  Posterior  sucker  ;  c  Generative  pore  ;  d  (Esophagus  ;  e  Alimentary 
canal.    (After  Owen.)  v      ,  v    &    >  3 


present,  and  opens  posteriorly,  by  a  small  aperture.  The  alimentary  canal 
.  bifurcates  shortly  behind  the  mouth,  the  two  divisions  thus  produced  giv- 
ing off  numerous  lateral  diverticula,  and  terminating  posteriorly  in  blind 
extremities.  The  nervous  system  consists  of  two  cephalic  ganglia,  giving 
off  filaments  both  forwards  and  backwards.  The  embryo  of  Distoma,  on 
Us  discharge  from  the  egg,  is  inversely  conical  in  shape,  and  is  covered 
with  cilia  ;  but  it  appears  soon  to  lose  its  cilia,  and  to  become  "cercari- 
forrn,  abandoning  its  free  aquatic  life,  and  entering  into  the  body  of  some 
Iresh-water  mollusc.  When  its  host  is  eaten  by  some  mammal  the  larva 
passes  mto  its  mature  stage  of  development.  The  adult  Disloma  hepaticum 
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is  found  in  the  sheep,  ox,  horse,  ass,  hare,  deer,  &c.,  and  occasionally  in 
man. 

In  Distoma  lanceolatuin  (fig.  102,  2)  the  intestine  has  not  the  ramose, 
complex  character  of  that  of  D.  hepatiawi.  On  the  other  hand,  the  ali- 
mentary canal,  after  its  bifurcation,  is  continued  on  each  side  of  the  body 
to  the  posterior  extremity  without  giving  off  any  branches  on  the  way,  and 
it  terminates  simply  in  blind  extremities.  It  occurs  in  the  liver  of  the  ox, 
sheep,  pig,  &c.,  and  has  been  likewise  detected  in  man. 

The  only  other  Trematode  which  need  be  mentioned  is  the  curious 
Gyncccophorus  {Bilkarzia)  hamatobius,  which  occurs  abundantly  in  the  in- 
terior of  the  blood-vessels  of  the  human  subject  in  certain  regions  (Egypt, 
South  Africa,  Mauritius),  and  has  also  been  found  in  a  similar  situation  in 
monkeys.  The  sexes  are  distinct  in  this  form,  the  male  being  about  half 
an  inch,  whilst  the  female  is  nearly  an  inch  in  length,  and  both  being  ver- 
miform in  shape. 

Order  Turbellaria. — Leaf-like  or  vermiform  Scolecids, 
rarely  parasitic,  tvith  a  mouth  and  alimentary  cajial,  and  some- 
times  a  body-cavity  ;  integument  ciliated.  Sexes  united  or  distinct. 
The  members  of  this  order  are  almost  all  aquatic,  and  are  all 
non-parasitic  \  thus  differing  entirely  from  the  animals  which 
compose  the  two  preceding  orders.  Their  external  surface  is 
always  and  permanently  ciliated,  and  they  never  possess  either 
suctorial  discs  or  a  circlet  of  cephalic  hooklets.  A  "  water- 
vascular  system"  is  present,  opening  externally  by  one  or 
more  apertures,  or  appearing  to  be  entirely  closed  in  the  adult 
{Nemertida).  The  alimentary  canal  is  imbedded  in  the  paren- 
chyma of  the  body  (Flanarida),  or  is  freely  suspended  in  a 
*'  perivisceral  cavity  "  {Nemertida).  The  intestine  is  either 
straight  or  branched,  and  a  distinct  anal  aperture  may,  or  may 
not,  be  present.  The  nervous  system  consists  of  ganglia  situ- 
ated in  the  fore-part  of  die  body,  united  to  one  another  by 
transverse  cords,  and  sending  filaments  backwards. 

The  Turbella?ia  are  divided  into  two  sections,  termed 
respectively  the  Plaiiarida  and  the  Nemertida. 

Sub  order  I.  Planarida. — The  Planarians  (fig.  103)  are 
mostly  ovoid  or  elliptical  in  shape,  flattened  and  soft-bodied. 
They  are  for  the  most  part  aquatic  in  their  habits,  occurring 
in  fresh  water,  or  on  the  sea-shore,  but  occasionally  found  in 
moist  earth.  The  integument  is  abundantly  provided  with 
vibratile  cilia,  which  subserve  locomotion,  and  it  also  contains 
numerous  cells,  which  have  been  compared  to  the  "  cnid«,"  or 
nettle-cells,  of  the  Ccelenterata.  There  is  always  a  considerable 
portion  ol  the  body  situated  in  front  of  the  mouth,  constitut- 
ing the  so-called  "  prse-oral  region,"  or  "  prostomium  ;  "  and 
this  is  often  modified  into  a  singular  protrusible  and  retractile 
organ,  called  the  "  proboscis,"  the  exact  use  of  which  is  not 
known.    The  mouth  opens  into  a  muscular  pharynx,  which  is 
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often  evertible ;  and  the  intestine  may  be  either  straight  or 
branched,  but  always  terminates  csecally  behind,  and  is  never 


gn 


Fig  103. — Morphology  of  Turbellaria.  i.  Planaria  torva  (Miiller);  m  Mouth;  g 
Nerve-gangUon  ;  e  Eyes  ;  ov  Ovary  ;  t  Testis ;  gn  Genital  opening.  2.  Pla7iaria 
lactea,  showing  the  branched  (dendroccEl)  intestine.  3.  Microscopic  larva  of  A lait- 
rina,  a  marine  Turbellarian.  4.  Pilidhiin,  the  "  pseudembryo  "  of  a  Nemertid : 
a  The  alimentary  canal ;  b  Rudiment  of  the  Nemertid. 

provided  with  an  anal  aperture.  The  "  water-vascular  system  " 
communicates  with  the  exterior  by  two  or  more  contractile 
apertures.  The  nervous  system  consists  of  two  ganglia,  situ- 
ated in  front  of  the  mouth,  united  by  a  commissure,  and 
giving  off  filaments  in  various  directions.  Pigment-spots,  or 
rudimentary  eyes,  from  two  to  sixteen  in  number,  are  often 
present,  and  are  always  placed  in  the  prse-oral  region  of  the 
body.  The  male  and  female  organs  are  united  in  the  same 
individual,  and  the  process  of  reproduction  may  be  either 
sexual,  by  means  of  true  ova,  or  non-sexual,  by  internal  gem- 
mation or  transverse  fission. 

The  Planarians  have  been  divided  into  two  sections,  as 
follows : — 

Section  A.  Rhabdoccela. — Intestine  straight,  not  branched ; 
body  elongated,  rounded,  or  oval. 

Section  B.  Dendroccela. — Intestine  branched  or  arbores- 
cent ;  body  flat  and  broad. 

Sub-order  II.  Nemertida. — The  Nemertida,  or  "  Ribbon- 
worms,"  agree  in  most  essential  respects  with  the  Planarida. 
They  are  distinguished,  however,  by  their  elongated,  vermi- 
form shape,  by  the  presence  of  a  distinct  anus,  by  the  posses- 
sion of  a  distinct  perivisceral  cavity,  by  the  absence  of  an 
external  aperture  to  the  water- vascular  system  of  the  adult, 
and  by  the  fact  that  the  sexes,  with  one  or  two  exceptions,  are 
distinct.  The  Nemertida  further  differ  from  the  other  Platyel- 
mia  in  possessing  a  pseudoh^emal  system  in  addition  to,  and 
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distinct  from,  the  water-vascular  system.  The  external  surface 
of  the  body  is  richly  ciliated,  and  is  underlaid  by  a  thick 
glandular  cutis,  beneath  which  are  well-developed  sub-cutane- 
ous muscles.     The  digestive  canal  is 
"  ciliated  internally,  and  consists  of  a  mus- 

cular gullet,  a  sacculated  stomach,  and 
an  intestine  with  a  distinct  anus.  The 
nervous  system  consists  of  two  large 
cephalic  ganglia,  united  by  a  double  com- 
missure, and  sending  lateral  cords  back- 
wards. The  so-called  "circulatory  sys- 
tem "  is  composed  of  closed  contractile 
vessels,  sometimes  containing  a  corpuscu- 
lated  fluid.  "  Along  the  median  line  of 
the  dorsum  lies  a  special  muscular  sheath, 
containing  a  complicated  proboscis,  and 
a  highly  organised  corpuscular  fluid,  both 
the  sheath  and  the  proboscis  passing 
between  the  commissures  of  the  ganglia 
in  front"  (M'Intosh).  The  evertible  and 
muscular  sheath  of  the  proboscis  may  be 
as  long  as  the  whole  body,  and  the  ex- 
tremity of  the  latter  may  or  may  not  be 
protected  by  one  or  more  spines  (fig. 
104).  The  sexes  are  mostly  in  separate 
individuals,  and  the  generative  organs 
have  the  form  of  sacs  placed  between  the 
muscular  walls  of  the  body  and  the  digest- 
ive canal,  and  discharging  their  contents 
by  lateral  pores. 

Reproduction  takes  place  by  the  formation  of 
true  ova,  by  internal  gemmation,  or  by  transverse 
fission.  In  Neviertes,  hovi'ever,  the  egg  gives 
rise  to  a  larva,  from  vi'hich  the  adult  is  developed 
in  a  manner  closely  analogous  to  that  described  as  characteristic  of  the 
Echinoderi7tata.  The  larval  form  of  Nemertes  was  described  by  Johannes 
MuUer,  under  the  name  of  Pilidium  (fig.  103,  4).  It  is  "a  small  helinet- 
shaped  larva,  with  a  long  flagellum  attached  like  a  plume  to  the  summit  of 
the  helmet,  the  edges  and  side-lobes  of  which  are  richly  ciliated.  A  simple 
alimentary  canal  opens  upon  the  under  surface  of  the  body  between  the 
lobes.  In  this  condition  the  larva  swims  about  freely  ;  but,  after  a  while, 
a  mass  of  formative  matter  appears  on  one  side  of  the  alimentary  canal, 
and  elongating  gradually,  takes  on  a  worm-like  figure.  Eventually  it  grows 
round  the  alimentary  canal,  and  appropriating  it,  detaches  itself  from  the 
Pilidium  as  a  Nemertid— provided  with  the  characteristic  proboscis,  and 
the  other  organs  of  that  group  of  Turbellaria  ''  (Huxley).  Whilst  soirte 
Nemertids  are  thus  developed  by  internal  budding  from  a  ciliated  provi- 
sional larva  or  "nurse,"  others  exhibit  no  such  phenomena,  but  are 


ov 


Fig.  104. — Morphology  of 
Nemertida.  Prorhy7i- 
chus  fltcviatilis  ;  o 
Mouth ;  c  Ciliated 
grooves  (sense-organs  ?) ; 
J  Spine,  attached  behind 
to  (/)  the  sac  of  the  pro- 
boscis ;  ce  Gullet ;  g  Gas- 
tric glands  ;  i  Intestine  ; 
ov  Ovary.  The  proboscis 
in  this  form  is  very  small. 
(After  Gegenbaur.) 
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directly  developed  into  the  adult  fonn,  without  undergoing  any  striking 
metamorphosis. 

Whilst  the  Nemerteans  undoubtedly  show  very  close  affinities  to  the 
Planarians,  they  are  also  nearly  related  to  the  Annelida  proper,  both  as 
regards  their  general  form  and  their  internal  structure.  One  of  the  most 
remarkable  of  the  links  between  these  two  groups  is  to  be  found  in  Balano- 
glossus,  the  systematic  position  of  which  is  still  uncertain.  This  extraor- 
dinary worm  is  found  burrowing  in  the  sand  in  the  Mediterranean  and 
along  the  eastern  coasts  of  North  America,  and  possesses  a  flattened  worm- 
like body,  teiTninating  in  front  in  a  protrusible  hollow  proboscis.  The  exter- 
nal integument  is  ciliated,  as  in  the  Nemerteans,  and  there  are  no  setiform 
organs  of  locomotion,  such  as  are  found  in  so  many  Annelides.  A  water- 
vascular  system  is  present ;  there  is  a  well-developed  alimentary  canal.; 
and  the  process  of  respiration  is  carried  on  by  means  of  a  singular  branchial 
sac  formed  by  a  chitinous  framework  with  ciliated  apertures,  somewhat 
similar  to  the  "branchial  sac  "  of  an  Ascidian  ;  whilst  the  sexes  are  in  dif- 
ferent individuals.  The  most  remarkable  point,  however,  about  Balano- 
glossus  is  its  mode  of  development.  The  larva  is  a  free-swimming,  barrel- 
shaped,  ciliated  body,  which  was  originally  discovered  by  Midler,  and 
described  by  him  under  the  name  of  Tornaria,  as  the  young  of  some  Star- 
fish. In  spite  of  its  close  resemblance  to  the  larvse  of  the  Echinoderms,  A. 
Agassiz  has,  however,  succeeded  in  showing  that  Tornaria  is  really  the 
young  of  Balanoglossus,  and  that  it  is  developed  into  the  adult  by  a  rapid 
change,  not  accompanied  by  any  absorption,  or  casting  off,  of  any  portion 
of  the  original  larva. 

The  Nemerteans  are  mostly  marine  in  their  distribution,  a 
few  forms  inhabiting  fresh  water,  and  one  being  found  in  moist 
places  on  land.  They  are  found  from  the  arctic  seas  to  the 
equator,  most  of  them  being  littoral  in  their  habits,  though 
some  live  at  considerable  depths.  Recently,  Mr  Moseley  has 
described  a  peculiar  group  of  Nemerteans  under  the  name  of 
PelagonemertidcB,  which  are  pelagic  in  their  habits.  These 
oceanic  forms  have  a  broad,  gelatinous,  flattened  body,  and  a 
ramified  digestive  tract,  and  thus  make  a  near  approach  to  the 
dendrocoelous  Planarians.  No  certain  remains  of  Nemertids 
are  known  to  occur  in  the  fossil  state,  though  some  obscure 
remains  have  been  referred  to  this  group. 


CHAPTER  XXVI. 
NEMATELMIA. 

I.  ACANTHOCEPHALA.     2.   GORDIACEA.     3.  NeMATODA. 

Division  II.  Nematelmia.  —  This  section  may  be  consid- 
ered as  comprising  those  Scolecids  in  which  the  body  has  an 
elongated  and  cylindrical  shape.    Strictly  speaking,  it  should 
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include  the  Nemertida,  but  the  division  is  not  founded  upon 
anatomical  characters,  and  is  employed  here  simply  for  con- 
venience. Most  of  the  Nemaichnia 
possess  an  annulated  integument ;  but 
there  is  no  true  segmentation,  and  there 
are  rarely  any  locomotive  appendages 
attached  to  the  body.  The  majority 
are  unisexual,  and  parasitic  during  the 
whole  or  a  part  of  their  existence. 
Three  orders  are  comprised  in  this 
division  —  viz.,  the  Acaiithocephala,  the 
Gordiacea,  and  the  Neniatoda. 

Order  I.  Acanthocephala. —  Ver- 
miform internal  parasites^  7vii/iout  moiUh 
or  alimentary  cajial,  and  having  an  an- 
terior protrusible  proboscis  arfned  with 
recurved  hooks.    Sexes  distinct. 

The  Acanthocephala  are  entirely  para- 
sitic, vermiform  in  shape,  and  devoid  of 
any  mouth  or  alimentary  canal.  The 
front  end  of  the  body  (fig.  105,  /)  is 
developed  into  a  retractile  proboscis, 
which  is  covered  with  transverse  rows  of 
recurved  hooks,  and  by  means  of  which 
the  parasite  attaches  itself  to  the  wall 
of  the  intestine  of  its  host.  The  integu- 
ment {c  c)  is  highly  muscular,  and  the 
proboscis  is  contained  within  a  strong 
muscular  sheath,  and  can  be  retracted 
by  special  muscular  bands  {m  m).  At 
the  base  of  the  proboscis  is  placed  a 
single  nervous  ganglion,  and  its  hinder 
extremity  is  prolonged  into  /,  the  so- 
called  "ligamentum  suspensorium,"  a 
fibrous  band,  which  supports  the  gen- 
The  sexes  are  in  different  individuals.  The 
water-vascular  system  is  in  the  form  of  subcutaneous  reticulated 
canals  which  are  connected  with  two  saccular  organs  or  "  lem- 
nisci "  {b  b),  placed  on  each  side  of  the  base  of  the  proboscis, 
but  the  vessels  of  this  system  do  not  appear  to  communicate 
with  the  exterior. 

The  order  Acanthocephala  includes  only  one  genus,  namely, 
Echinorhynchus,  the  genus  Koleops  being  doubtfully  referred 
here.  All  the  Echinorhynchi  inhabit  in  their  adult  condition 
the  intestines  of  fishes,  birds,  or  mammals,  and  they  pass 


Fig.  105. — Morphology  of  Ac- 
antliocephala.  Male  of  Ech- 
inorhynchus angtistatus,  en- 
larged about  twelve  times  ;  p 
Proboscis  ;  n  Neck ;  ^  Mus- 
cular sheath  of  the  proboscis  , 
g  Ganglion  ;  b  b'^  Lemnisci," 
sacs  connected  with  the  wa- 
ter-vascular system ;  /  Liga- 
mentum suspensorium ;  in  m 
Retractor  muscles  of  the  pro- 
boscis ;  t  t  testes ;  V  Vesi- 
cula  seminalis  ;  c  c  Integu- 
ment.   (After  Leuckart.) 
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through  a  metamorphosis.  The  eggs  are  swallowed  by  crusta- 
ceans or  insects,  and  give  exit  to  free  vermiform  embryos, 
armed  with  hooks.  These  burrow  out  of  the  intestine  of  their 
host  and  encyst  themselves  in  its  tissues,  not  becoming  finally 
developed  till  their  bearers  may  be  eaten  by  some  vertebrate 
animal.  Thus,  the  embryos  of  Echinorhyjichus  gigas  of  the  pig 
inhabit  the  larvae  of  the  cockchafer,  whilst  those  of  E.  a7igus- 
tatus,  of  Cyprinoid  fishes,  live  in  the  interior  of  fresh-water 
crustaceans. 

Order  II.  Gordiacea. —  Vermiform  Scoledda,  parasitic  in 
insects  during  a  portion  of  their  existence.  An  i?nperfectly-devel- 
oped  alimentary  canal  or  none.  Water-vascular  system  rudi- 
mentary or  absent.    Sexes  distinct. 

The  Gordiacea,  or  "  Hair-worms,"  are  thread-like  Scolecids, 
often  singularly  like  hairs  in  appearance,  which  live  in  the 
interior  of  various  insects  during  part  of  their  life.  The 
digestive  system  is  imperfect,  an  anal  aperture  being  univer- 
sally wanting.  In  Mermis,  the  gullet  ends  in  a  blind  sac ;  in 
Gordius,  the  digestive  tube  opens  into  the  body-cavity ;  and 
in  Sphcsrularia,  the  mouth  appears  to  be  wanting.  The  sexes 
are  in  different  individuals.  In  Gordius  itself,  the  embryo  is 
free  and  aquatic,  having  a  retractile  snout  armed  with  booklets, 
by  means  of  which  it,  after  a  time,  bores  its  way  into  the 
tissues  of  some  water-insect,  in  which  it  encysts  itself.  The 
sexually-mature  worms  are  found  in  the  interior  of  Orthoptera 
or  Neuroptera ;  but  they  leave  their  hosts  and  betake  them- 
selves again  to  an  aquatic  existence  for  the  purpose  of  laying 
their  eggs.  The  adult  Mert?iis  is  found  principally  in  Lepidop- 
tera ;  whilst  Sphcerularia  inhabits  the  body-cavity  of  Bumble- 
bees. 

Order  III.  l:ilYM.KioV)K(Qx  Nematoided). —  Cylindrical  vermi- 
form Scolecids,  sometimes  parasitic,  sometijnes  free ;  i7itegument 
not  ciliated ;  a  well-developed  alimentary  canal,  with  a  mouth 
and  anus,  suspended  freely  i?i  a  body-cavity ;  sexes  distinct,  or, 
rarely,  imited. 

The  Nematoda  comprise  the  so-called  "  Thread-worms  "  and 
"  Round-worms,"  and,  as  their  various  names  imply,  possess  a 
rounded  and  worm-shaped  body  (fig.  106,  a),  sometimes  of 
great  length.  The  cuticle  is  chitinous  and  porous ;  and  there 
is  generally  distinct  annulation,  though  no  true  segmentation 
exists.  The  alimentary  system  is  well  developed,  the  mouth 
being  anterior,  and  usually  furnished  with  papillae  (fig.  106,  c). 
The  gullet  opens  into  a  muscular  stomach,  from  which  an  in- 
testine conducts  to  a  ventrally  or  terminally  placed  anus  ;  the 
whole  digestive  tube  being  freely  suspended  in  a  body-cavity. 
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which  is  filled  with  a  sparsely  corpusculated  fluid.  There  is  a 
water-vascular  system,  composed  of  lateral  tubes,  which  open 
on  the  surface  by  a  ventrally- placed  pore.  The  nervous 
system  is  in  the  form  of  a  ganglionic  ring,  surrounding  the 
gullet,  and  sending  filaments  backwards  and  forwards.  The 
sexes  are  mostly  distinct,  the  external  openings  of  the  repro- 
ductive organs  being  placed  near  the  anus.    The  males  are 


Fig.  io6. — Morpholegy  of  Nematoda.  a  Ascaris  lumbricoides,  male,  reduced  in 
size  ;  b  Hinder  extremity  of  the  same,  with  the  reproductive  spicula,  enlarged ; 
c  Head  of  the  same  enlarged,  showing  the  tubercles  round  the  mouth  ;  d  Ovum  of 
the  same,  highly  magnified,  with  the  fully-developed  woriti  in  its  interior  ;  e  Male  of 
Oxyuris  vermicularis,  five  times  the  natural  size  ;  f  Female  of  the  same,  similarly 
enlarged ;  g  Male  of  the  same,  highly  magnified  ;  h  Embryo  of  Dracmicuhis, 
magnified  500  diameters  ;  i  Embryos  of  the  same,  magnified  60  diameters  ;  I A  single 
Trichina,  encapsuled  in  the  muscles,  highly  magnified.  (Chiefly  after  Leuckart, 
Spencer  Cobbold,  and  Bastian.) 

usually  less  frequently  met  with  and  of  smaller  size  than  the 
females,  and  they  possess  a  single  or  double  spicular  penis 
(fig.  106,  b).  Metamorphosis  may  or  may  not  occur  during 
development. 

As  before  said,  most  of  the  Nematoda  are  internal  parasites, 
inhabiting  the  alimentary  canal,  the  pulmonary  tubes,  or  the 
areolar  tissue,  in  man  and  in  many  other  vertebrate  animals ; 
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but  a  large  section  of  the  order  are  of  a  permanently  free  habit 
of  existence. 

Amongst  the  more  important  members  of  the  parasitic 
section  of  the  Nematoda  may  be  mentioned  the  Ascaris  lum- 
bricoideSy  the  Oxyuris  vertriicularis,  the  Trichocephalus  dispar, 
the  Sclerostoma  duodenale,  the  Dracunculus  medinensis,  and  the 
Trichina  spiralis. 

The  Ascaris  lumbricoides,  or  common  Round-worm,  inhabits  the  intestine 
of  man,  and  sometimes  of  other  mammals,  especially  the  pig,  often  attain- 
ing a  length  of  several  inches.  The  ova  are  expelled  with  the  faeces,  and 
the  embryo  is  developed  within  the  ovum 
prior  to  its  rupture,  but  not  till  after  the 
lapse  of  several  months  (fig.  106,  d). 
When  fully  formed,  the  embryo  is  about 
one-hundredth  of  an  inch  in  length,  and  its 
development  is  not  exactly  known,  though  it 
appears  to  be  directly  transferred  from  river 
or  pond  water  to  the  alimentary  canal  of  its 
host.  The  body  of  the  adult  (fig.  106,  a)  is 
cylindrical,  attenuated  at  both  extremities. 
At  the  anterior  extremity  is  a  sub-triangular 
mouth,  surrounded  by  three  tubercles  (fig. 
106;  c).  The  anus  is  situated  posteriorly. 
The  females  are  larger  than  the  males,  and 
are  much  more  numerous.  These  parasites 
are  much  more  common  in  children  than  in 
adults,  and  they  often  occur  in  considerable 
numbers.  They  are  usually  found  in  the 
small  intestine,  though  they  sometimes  wan- 
der into  other  situations. 

The  Oxyuris  vermiadaris,  or  "Small 
Thread-worm,"  (fig.  106,  e, /,  g)  is  a  gre- 
garious worm,  which  inhabits  the  rectum, 
especially  of  children.  It  is  the  smallest  of 
the  intestinal  worms  of  man,  its  average 
length  not  being  more  than  a  quarter  of  an 
inch,  but  the  females  are  much  bigger  than 
the  males. 

The  Trichocephalus  dispar  inhabits  the 
caecum  of  man.  It  is  from  one  and  a  half 
to  two  inches  in  length,  and  the  anterior 
two-thirds  of  the  body  is  extremely  attenu- 
ated and  thread-like. 

The  Sclerostoma  duodenale  inhabits  the 
small  intestine  in  the  human  subject,  and 
is  far  from  uncommon  in  Italy  and  in  Egypt. 
It  varies  in  size  from  one-third  of  an  inch  to 

half  an  inch,  the  females  being  the  largest ;  and  the  symptoms  to  which  it 
gives  rise  are  often  of  a  serious  character. 

The  Trichina  spiralis  is  a  singular  Nematoid,  which  gives  rise  to  a  pain- 
ful and  very  generally  fatal  train  of  symptoms,  somewhat  resembling  rheu- 
matic fever,  and  known  as  Trichiniasis.  The  Trichina  is  known  in  two 
different  conditions,  sexually  immature  or  mature.     In  its  sexually  im- 


Fig.  107.  —  Free  Nematoids.  A, 
Anguillula  aceti;  B,  Dory- 
laimics  stagiialis.  Magnified. 
(After  Bastian.) 
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mature  condition  it  inhabits  the  muscles,  usually  of  the  pig,  in  vast 
numbers,  each  worm  (fig.  io6,  /)  being  coiled  up  in  a  little  capsule  or 
cyst.  In  this  condition  the  worm  is  incapable  of  further  development, 
and  may  remain,  apparently  for  an  indefinite  period,  without  change,  and 
without  seeming  to  produce  any  injurious  results  to  the  animal  affected. 
If,  however,  a  portion  of  trichinatous  muscle  be  eaten  by  a  warm-blooded 
vertebrate,  and  so  introduced  into  the  alimentary  canal,  an  immediate 
development  of  young  Trichince  is  the  result.  The  immature  worms 
escape  from  their  enveloping  cysts,  grow  larger,  develop  sexual  organs, 
and  give  birth  to  a  numerous  progeny,  which  they  produce  viviparously. 
The  young  Trichina  thus  produced  perforate  the  walls  of  the  alimentary 
canal,  and,  after  working  their  way  amongst  the  muscles,  become  encysted. 
If  the  animal  in  which  these  changes  go  on  has  sufficient  vitality  to  bear 
up  under  the  severe  symptoms  which  are  produced  by  the  migration  of  the 
THchina:,  he  is  now  safe;  since  they  cannot  become  sexually  mature,  or 
develop  themselves  further,  until  again  transferred  to  the  alimentary  canal 
of  some  other  animal. 

The  Guinea-worm  {Dracunculus  or  FilaHa  medinensis)  is  a  Nematode 
worm,  which  inhabits,  during  one  stage  of  its  existence,  the  cellular  tissue 
of  the  human  body,  generally  attacking  the  legs,  and  often  attaining  a 
length  of  several  feet.  All  known  specimens  of  this  parasite  are  impreg- 
nated females,  containing  a  large  number  of  young.  The  worm  remains 
imbedded  in  the  body,  in  a  more  or  less  quiescent  condition,  for  a  year  or 
more,  at  the  end  of  which  time  it  seeks  the  surface,  in  order  to  get  rid  of 
its  young.  No  external  aperture  to  the  genital  organs  has  hitherto  been 
proved  to  exist,  and  it  seems  possible  that  the  young  are  produced  within 
the  body  of  the  parent  by  a  process  of  internal  gemmation.  The  young 
Filaria  (fig.  1 06,  h  and  z)  consists  of  a  vermiform  body,  terminating  in  a 
hair-like  tail ;  and  when  set  free  from  the  parent,  its  further  development 
probably  takes  place  in  water,  when  it  is  believed  to  be  converted  into  one 
of  the  "Tank-worms"  so  common  in  India.  In  this  condition,  it  is  pos- 
sible, as  some  believe,  that  sexual  organs  are  developed,  and  that  the 
females  are  impregnated.  The  worm  is  believed  to  gain  access  to  the 
body  of  bathers,  when  still  extremely  minute.  According  to  Dr  Bastian, 
however,  it  appears  probable  that  the  Guinea-worm  "is  a  parasite  only 
accidentally,  and  that  it  and  its  parents  were  originally  free  Nematoids." 

The  second  section  of  the  N^ematoda  comprises  worms  which  are  not  at 
any  time  parasitic,  but  which  are  permanently  free.  These  "free  Nema- 
toids "  (fig.  107)  constitute  the  family  of  the  Angiiilhdidcr,  of  which  about 
two  hundred  species  have  been  already  described,  mostly  inhabiting  fresh 
water  or  the  shores  of  the  sea.  They  resemble  the  parasitic  Nematoids  in 
all  the  essential  features  of  their  anatomy,  but  they  differ  in  often  possess- 
ing pigment-spots,  or  rudimentary  eyes,  in  being  mostly  provided  with  a 
terminal  sucker,  and  in  bringing  forth  comparatively  few  ova  at  a  time ; 
the  dangers  to  which  the  young  are  exposed  being  much  less  than  in  the 
parasitic  forms.  Amongst  the  more  familiar  free  Nematoids  are  the  Vine- 
gar Eel  {Anguilhda  aceti,  fig.  107,  A)  and  the  Tvlcnc/ius  (or  Vih-io)  ti-itici, 
which  produces  a  sort  of  excrescence  or  gall  upon  the  ear  of  wheat,  causing 
the  disease  known  to  farmers  as  the  "  Purples,"  or  "  Ear  Cockle." 

The  parasitic  and  free  Nematoids  are  connected  together  by  an  Asca7-is 
{A.  nigi-mjenosa),  which  in  succeeding  generations  is  alternately  free  and 
parasitic.  This  Ascaris  has  long  been  known  as  inhabiting  the  lungs  of 
the  frog,  but  it  has  been  shown  by  Mecznikow  that  "the  young  of  this 
animal  become  real  free  Nematoids ;  for,  after  passing  from  the  intestine 
of  the  frog  into  damp  earth  or  mud,  they  grow  rapidly,  and  actually 
develop  in  the  course  of  a  few  days,  whilst  still  in  this  external  medium, 
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into  sexually  mature  animals.  Young,  differing  somewhat  m  external 
characters  from  their  parents,  are  soon  produced  by  them,  and  these 
attain  merely  a  certain  stage  of  development  whilst  m  the  moist  earth, 
arrivin<T  at  sexual  maturity  only  after  they  have  become  parasites,  and  are 
ensconced  in  the  lung  of  the  frog  "  (Bastian).  This  extraordmary  history 
is  rendered  still  more  remarkable,  if  it  should  be  proved  that  the  young  of 
the  parasitic  forms  of  this  Ascaris  are  produced  by  a  process  of  partheno- 
genesis ;  and  this  seems  to  be  highly  probable,  since  none  of  the  indivi- 
duals which  are  found  as  parasites  are  males,  but  are  universally  females. 


CHAPTER  XXVIL 
ROTIFERA. 

Sub-class  Rotifera  {Rotatoria). — The  Rotifera,  or  "  Wheel- 
animalcules,"  constitute  a  very  natural  group,  the  exact  posi- 
tion of  which  has  been  a  good  deal  disputed,  and  is  still 
doubtful.  They  are  looked  upon  here  as  a  distinct  division 
of  the  Scolecida  ;  but  they  are  very  frequently  placed  with  the 
Annelida  amongst  the  lower  division  of  the  Anmdosa  [Anar- 
thropodd). 

The  Rotifera  are  Anmiloida  of  a  mitiute  size,  never  parasitic^ 
inhabiting  water,  and  usically  provided  imth  an  anterior  ciliated 
disc,  capable  of  inversion  and  eversion.  In  the  females  there  is  a 
distinct  mouth,  intestinal  canal,  and  anus.  A  nervous  system  is 
also  preseiit,  co?isisting  of  ganglia,  situated  near  the  anterior  ex- 
tremity of  the  body,  and  sending  filaments  backwards.  A  water- 
vascular  system  is  also  present.    The  sexes  are  distinct. 

Most  of  the  Rotifera  are  entirely  invisible  to  the  naked  eye, 
and  they  are  all  extremely  minute,  none  of  them  attaining  a 
greater  length  than  i-36th  of  an  inch.  Nevertheless,  as 
remarked  by  Mr  Gosse,  "so  elegant  are  their  outlines,  so 
brilliantly  translucent  their  texture,  so  complex  and  yet  so 
patent  their  organisation,  so  curious  their  locomotive  wheels, 
so  unique  their  apparatus  for  mastication,  so  graceful,  so 
vigorous,  so  fleet,  and  so  marked  with  apparent  intelligence, 
their  movements,  so  various  their  forms  and  types  of  stmc- 
ture,"  that  they  form  one  of  the  most  interesting  departments 
of  zoological  and  microscopical  study.  They  are  all  aquatic 
in  their  habits,  and  in  the  great  majority  of  cases  are  free- 
swimming  animals,  some,  however,  being  permanently  fixed, 
as  is  the  case  with  Stephanoceros^  Melicerta  (fig.  108,  B),  and 
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Floscularia.  They  are  usually  simple,  but  are  occasionally 
composite,  forming  colonies,  as  in  Megalotrocha.  As  a  rule, 
the  male  and  female  Rotifcra  differ  greatly  from  one  another, 
the  males  being  smaller  than  the  females,  destitute  of  any 
masticatory  or  digestive  apparatus,  and  more  or  less  closely 
resembling  the  young  form  of  the  species.  The  most  charac- 
teristic organ  in  the  great  majority  of  the  Rotifera  is  the  so- 
called  "  wheel-organ,"  or  "  trochal  disc,"  which  is  always  situ- 
ated at  the  cephalic  or  distal  end  of  the  body,  and  consists  of 
a  retractile  disc,  surrounded  by  a  circlet  of  cilia,  which,  when 
in  action,  vibrate  so  rapidly  as  to  produce  the  illusory  im- 
pression that  the  entire  disc  is  rotating. 

The  disc,  which  carries  the  cilia,  is  capable  of  eversion 
and  inversion,  and  may  be  circular,  reniform,  bilobed,  four- 
lobed,  or  divided  into  several  lobes.  It  serves  the  purpose 
of  locomotion  in  the  free-swimming  forms,  acting  somewhat 
like  the  propeller  of  a  screw-steamer ;  and  in  all  it  serves  to 
produce  currents  in  the  water,  which  convey  the  food  to  the 
mouth. 

In  Chcetonotus,  and  some  other  forms,  there  is  no  true 
wheel-organ,  capable  of  protrusion  and  retraction,  but  the  cilia 
are  variously  disposed  over  the  surface  of  the  body.  The 
Chcetonoti  or  Hairy-backed  Animalcules  have  no  jaws,  and 
have  the  ventral  surface  of  the  body  clothed  with  cilia.  They 
have  usually  been  placed  in  the  Turbellaria,  but  there  seem 
to  be  good  reasons  for  regarding  them  as  an  aberrant  group  of 
Rotatoria.  Balatro  and  Apsibcs  are  non-ciliated  in  the  adult 
condition. 

The  proximal  extremity  of  the  body  in  the  free  forms  ter- 
minates in  a  caudal  process,  or  "  foot,"  sometimes  telescopic, 
which  ends  in  a  suctorial  disc,  or  in  a  pair  of  diverging  "  toes," 
which  act  as  a  pair  of  forceps  (fig.  io8.  A). 

The  mouth  usually  opens  into  a  pharynx,  or  "buccal 
funnel,"  which  is  generally  provided  with  a  muscular  coat, 
constituting  the  "  mastax  "  or  "  pharyngeal  bulb,"  and  which 
generally  contains  a  very  complicated  masticatory  apparatus.* 
The  parts  of  this  apparatus  are  horny,  and  are  believed  by 
Mr  Gosse  to  be  homologous  with  the  parts  of  the  mouth  in 
insects.  In  the  females  of  almost  all  known  species  oi  Rotifera 
the  intestinal  canal  is  a  more  or  less  simple  tube,  extending 
through  a  well-developed  perivisceral  cavity,  and  terminating 

*  The  lower  jaws,  or  "incus,"  consist  of  a  fixed  portion,  the  " fulcrum, " 
to  which  are  attached  two  movable  blades— the  "rami."  The  upper  jaws, 
or  "mallei,"  consist  each  of  a  handle,  or  "manubrium,"  to  which  is  hinged 
a  toothed  blade,  or  "uncus." 
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posteriorly  in  a  dilatation,  or  "  cloaca,"  which  forms  the  com- 
mon outlet  for  the  digestive,  generative,  and  water-vascular 
systems. 


Fig.  108.— Rotifera.  A,  Diagrammatic  representation  of  Hydaizua  scnta  (generalised 
from  Pritchard).  a  Depression  in  the  ciliated  disc  leading  to  the  digestive  canal ;  /' 
Mouth  ;  c  Pharyngeal  bulb  or  mastax,  with  the  masticatory  apparatus  ;  d  Stomach  ; 
e  Cloaca ;  y  Contractile  bladder ;  £■£■  Respiratory  or  water-vascular  tubes  ;  A  Nerve- 
ganglion  giving  filament  to  ciliated  pit  (y^);  (7  Ovary.  Melicerta  ringens.  (After 
Gosse. ) 

In  both  sexes  there  is  a  well-developed  water-vascular  sys- 
tem, usually  consisting  of  the  following  parts  : — 

In  the  hinder  part  of  the  body,  close  to  the  cloaca,  and  opening  into  it, 
is  a  sac  or  vesicle,  which  is  termed  the  "  contractile  bladder,"  and  exhibits 
rhythmical  contractions  and  dilatations.  From  the  contractile  bladder 
pi'oceed  two  tubes — "the  respiratory  tubes" — which  pass  forwards  along 
the  sides  of  the  body,  and  terminate  anteriorly  in  a  manner  not  quite  ascer- 
tained. Attached  to  the  sides  of  the  respiratory  tubes,  in  all  the  larger 
Rotifera,  is  a  series  of  ovate  or  pyriform  vesicles,  each  of  which  is  furnished 
internally  with  a  single  central  cilium,  which  is  fixed  to  the  fi^ee  end  of  the 
vesicle.  It  is  asserted,  however,  that  these  ciliated  vesicles  communicate 
internally  with  the  perivisceral  cavity  with  its  contained  corpusculated 
fluid.  The  exact  function  of  this  water-vascular  system  is  not  known,  but 
it  is  most  probably  respiratory  and  excretory.  Dr  Leydig  believes  that 
water  enters  the  perivisceral  cavity  by  end  osmose,  where  it  mingles  with 
the  absorbed  products  of  digestion,  to  form  the  so-called  *' chylaqueous 
fluid  ; "  and  that  the  effete  fluid  is  excreted  by  the  respiratory  tubes,  and 
ultimately  discharged  into  the  cloaca  by  the  contractile  bladder.  Taking 
this  view  of  the  subject,  Mr  Gosse  believes  that  "the  respiratory  tubes  re- 
present the  kidneys,  and  that  the  bladder  is  a  true  urinary  bladder  ;  "  and 
consequently  that  "the  respiratory  and  urinary  functions  are  in  the  closest 
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relation  with  one  another."  Tliis  observer,  further,  finds  a  decided  analogy 
between  the  above  system  in  the  Rotifera  and  the  long  and  tortuous  renal 
tubes  of  the  Insecta,  to  which  class  he  believes  the  Rotifera  to  be  most 
nearly  allied. 

No  central  organ  of  the  circulation,  or  heart,  and  no  organs 
of  respiration  are  present,  but  the  perivisceral  cavity  is  filled 
with  a  corpusculated  fluid. 

The  nervous  system  of  the  Rotifera  constitutes  a  bilobate 
cerebral  mass,  "  which  for  its  proportionate  volume  may  com- 
pare with  the  brain  of  the  highest  vertebrates."  It  is  placed 
anteriorly,  and  usually  on  the  dorsal  aspect  of  the  body,  and 
the  eye — in  the  shape  of  a  red  pigment  spot  or  spots — is  in- 
variably situated  like  a  wart  upon  it.  Other  sense-organs, 
probably  tactile,  are  often  present  in  the  form  of  two  knobs 
surmounted  by  tufts  or  bristles,  placed  at  the  back  of  the 
head.  The  ovaries  constitute  conspicuous  organs  in  the 
female  Rotifera,  and  in  summer  the  eggs  are  produced  by  the 
females  without  having  access  to  the  males.  Development  is 
direct. 

The  muscular  system  of  the  Rotifera  is  well  developed, 
consisting  of  bands  which  produce  the  various  movements  of 
the  body  and  foot,  whilst  others  act  upon  the  various  viscera, 
and  others  effect  the  movements  of  the  jaws. 

The  typical  group  of  the  Rotifera  is  that  of  the  Notommatina  {Hydatinea 
of  Ehrenberg).  In  this  group  (fig.  109)  the  animals  are  all  permanently 
free,  and  ai^e  never  combined  into  colonies,  while  the  integument  is  flexible, 
and  the  body  is  never  encased  in  a  tube. 

Stephanoceros  and  Floscularia,  on  the  other  hand,  are  fixed,  and  are  en- 
closed in  a  gelatinous  tube  which  is  secreted  by  the  animal.  Melicerta 
(fig.  108,  B)  inhabits  a  tubular  case,  which  the  animal  forms  for  itself  by 
means  of  a  special  organ  for  the  purpose ;  whilst  Polyarthra  and  Triarthra 
are  protected  by  a  stiff  shell,  or  "lorica." 

In  Triarthra  there  are  ensiform  fins,  jointed  to  the  body  by  distinct 
shelly  tubercles,  and  moved  by  powerful  muscles.  These  natatory  organs 
are  considered  by  Mr  Gosse  to  be  homologous  with  the  articulated  limbs 
of  the  Arthropoda.  Locomotive  appendages  are  also  present  in  Hexarthra, 
Polyarthra,  and  Pedalion. 

In  Asplanchna,  whilst  the  masticatory  organs,  gullet,  and  stomach  are 
well  developed,  there  is  no  intestine,  the  stomach  "hanging  like  a  globe 
in  the  centre  of  the  body-cavity,"  but  not  communicating  with  the  body- 
cavity. 

A,s  regards  their  distribution  in  space,  the  Rotifera  have  an 
almost  world-wide  range.  The  majority  of  the  known  forms 
are  inhabitants  of  fresh  water,  but  a  few  live  in  the  sea. 

Affinities  of  Rotifera. — In  their  external  appearance  the 
Rotifera  approximate  closely  to  the  Infusoria,  but  the  organ- 
isation of  the  former  presents  a  very  striking  advance  when 
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compared  with  that  of  the  latter.  Thus,  in  the  Infusoria  there 
is  no  differentiated  body-cavity,  bounded  by  distinct  walls,  and 
the  alimentary  canal  is  imperfect, 
the  digestive  sac  simply  opening  in- 
feriorly  into  the  diffluent  sarcode  of 
the  centre  of  the  body.  Further, 
there  are  no  traces  of  a  nervous 
system,  and  the  contractile  vesicles, 
if  looked  upon  as  representing  the 
water-vascular  system,  are  a  very 
rudimentary  form  of  this  apparatus. 
In  the  Rotifera,  on  the  other  hand, 
the  alimentary  canal  forms  a  com- 
plete tube,  having  an  oral  and  an 
anal  aperture,  and  not  communicat- 
ing with  the  surrounding  perivisceral 
cavity ;  and  there  is  a  well-develop- 
ed nervous  system,  and  a  highly 
complex  water-vascular  system.  A 
real  affinity  is  found  to  subsist,  how- 
ever, between  the  Rotifera  and  the 
Flanarida;  both  possessing  external 
cilia,  a  nervous  system,  and  a  well- 
developed  water-vascular  apparatus, 
the  characters  of  which  are  not  dis- 
similar in  the  two  groups.  In  the 
Flanarida,  however,  the  sexes  are 
united  in  the  same  individual,  and 
there  is  no  anal  aperture ;  whereas 
in  the  Rotifera  the  sexes  are  dis- 
tinct, and  there  is  a  distinct  anus. 
To  the  true  Arthropoda,  as  already 
pointed  out,  the  Rotifera  shows  some  points  of  affinity,  but  these 
are  hardly  sufficiently  numerous  or  decided  to  warrant  the  re- 
moval of  the  group  from  the  Antiicloida  to  the  Annulosa. 


Fig.  109. — Rotifera.  Eosphora  aiir 
rita,  one  of  the  Wheel-animal- 
cules. Enlarged  about  250  dia- 
meters.   (After  Gosse.) 
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CHAPTER  XXVIII. 
ANNULOSA. 

I.  General  Characters  of  Annulosa.  2.  General 
Characters  of  Anarthropoda.  3.  Class  Gephyrea. 
4.  General  Characters  of  the  Class  Annelida. 

Sub-kingdom  Annulosa. — The  members  of  this  sub-kingdom 
are  distinguished  by  the  possession  of  a  body  which  is  composed 
of  mimeroiis  segmefits,  or  somites  "  arranged  along  a  longitudinal 
axis.  A  nervous  system  is  always  presejit,  and  consists  of  a  double 
chain  of  ga?iglia,  rumiing  along  the  ventral  surface  of  the  body, 
and  traversed  anteriorly  by  the  oesophagus  (fig.  110).  The  limbs 
{when  present)  are  tut-ned  towards  the  neural  aspect  of  the  body. 

The  sub-kingom  Annulosa  may  be  divided  into  two  primary 
divisions,  according  as  the  body  is  provided  with  articulated 
appendages,  or  not  \  these  divisions  being  teiTned  respectively 


a 


b 

Fig.  110. — Diagram  of  an  Annulose  Animal,    a  Blood-vascular  or  haemal  system  ; 
b  Digestive  system  ;  c  Neural  system. 

the  Arthropoda  and  Anarthropoda.  The  first  of  these  com- 
prises Crustaceans,  Spiders,  Scorpions,  Centipedes,  and  Insects; 
whilst  the  latter  includes  the  Spoon-worms,  Leeches,  Earth- 
worms, Tube-worms,  Sand-worms,  and  Arrow-worms. 

Division  I.  Anarthropoda. — In  this  division  of  the  Annu- 
losa the  locomotive  appendages  are  never  distinctly  Jointed  or  arti- 
culated to  the  body.  In  this  division  are  included  three  classes 
— viz.,  the  Gephyrea,  the  Annelida,  and  the  Chcetognatha. 
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Class  I.  Ge^kyrea  {  =  Sipunai/oidea). —  Vermiform  marine 
animals,  with  usually  elongated  bodies  which  may  be  indistinctly 
awiulated,  but  are  not  segnwited,  a?id  carry  no  locomotive  appe7id- 
ages  {beyond,  occasionally,  bristles).  Ventral  nerve-cords  ?iot  gang- 
lionated ;  sexes  generally  distinct ;  a  distinct  metamorphosis  in 
development. 

The  members  of  this  class  are  generally  known  as  "  Spoon- 
worms,"  and  they  form  a  connecting  link  between  the  Echino- 
dennata  and  the  Annelides.  The  body  is  worm-like,  the  in- 
tegument sometimes  ringed  (fig.  in),  but  never  divided  into 


Fig.  111. — Gephyrea.    Syrinx  nudus.    (After  Forbes.) 


distinct  segments.  There  are  no  ambulacral  tube-feet,  nor 
foot-tubercles ;  but  there  may  be  bristles  which  act  as  locomo- 
tive organs  (as  in  Sternaspis  and  Echiurus).  The  outer  layer 
of  the  integument  is  chitinous,  and  beneath  the  skin  is  a  strong 
muscular  coat  of  longitudinal  and  circular  fibres.  The  mouth 
is  placed  at  the  front  end  of  the  body,  and  the  ciliated  alimen- 
tary canal  terminates  in  an  anal  aperture  which  may  occupy 
the  hinder  end  of  the  body,  or  may  Idc  placed  far  forwards.  A 
retractile  proboscis  is  present,  and  may  be  provided  with 
bristles  or  tentacles.  The  intestine  is  suspended  freely  in  a 
body-cavity,  which  is  filled  with  a  corpusculated  fluid,  kept  in 
circulation  by  ciliary  action.  A  vascular  ("  pseudohaemal ") 
system  may  be  present,  or  in  other  cases  is  not  developed. 
Respiration  is  carried  on  by  the  general  surface  of  the  body, 
by  hollow  tentacles  placed  round  the  mouth  {Sipunculus),  or  by 
abdominal  organs  resembling  the  "  respiratory  tree  "  of  the 
Holothurians  (as  in  Echiurus).  The  nervous  system  has  the 
form  of  a  gangliated  oesophageal  ring,  giving  off  a  ventral  cord, 
which  is  peculiar  in  not  having  distinct  ganglia  developed  upon 
it.  The  sexes  are  in  different  individuals  (united  in  some 
species  of  Sipunculus) ;  and  the  males  may  differ  greatly  from 
the  females  in  form.  The  reproductive  elements  often  reach 
the  exterior  by  the  ducts  of  certain  ciliated  sacs,  which  open 
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Fig.  112. — Larva  of  Phas- 
colosovta  elongattiin 
ter  development  has  pro- 
ceeded to  some  extent. 


af- 


by  pores  on  the  ventral  surface  of  the  body,  and  which  corre- 
spond with  the  "  segmental  organs  "  of  the  Annelides. 

In  their  development,  the  Gephyrea  pass  through  a  metamor- 
phosis, generally  of  a  very  striking  character.  The  larva  (fig. 
112)  is  locomotive,  and  swims  about  actively,  partly  by  means 

of  a  ciliary  ring  placed  round  the  neck, 
and  partly  by  means  of  ciliated  lobes  de- 
veloped on  the  head.  In  this  "actino- 
trocha "  stage  the  larva  resembles  that  of 
the  Echinoderms  in  many  respects  ;  whilst 
the  ciliated  cephalic  lobes  call  to  mind 
the  trochal  discs  of  the  Rotifers.  The 
further  process  of  development  is  also 
strikingly  similar  to  that  characteristic  of 
the  Echinoderms,  a  considerable  portion 
of  the  larva,  including  the  ciliated  cephalic 
expansion,  being  ultimately  absorbed. 

The  Gephyrea  are  exclusively  inhabitants 
of  the  sea,  mostly  burrowing  in  the  sand, 
or  hiding  in  crevices  in  the  rocks.  The 
principa,l  and  most  widely  distributed  genus 
is  Sipuncuhis,  the  species  of  which  often  inhabit  the  cast-away 
shells  of  Univalves. 

As  to  their  afiftnities,  the  Gephyrea  are  related,  on  the  one 
hand,  to  the  Holothurians,  from  which  they  dififer  in  the  absence 
of  an  ambulacral  system,  in  the  fact  that  the- integument  is  in- 
capable of  secreting  calcareous  matter,  and  in  the  absence  of 
any  traces  of  a  radiate  arrangement  of  the  nervous  system. 
On  the  other  hand,  they  show  their  close  relation  to  the  true 
Annelides,  by  their  general  possession  of  a  pseudohaemal  sys- 
tem, and  of  "  segmental  organs,"  by  the  form  of  the  nervous 
system,  and  by  the  resemblance  of  their  larvse  to  those  of  many 
of  the  Errant  Ringed  Worms. 

Class  II.  Annelida  {- Annulata).  The  Annelida  are 
vermiform  animals,  distinguished  from  the  preceding  by  the 
possession  of  distinct  external  segmentation  ;  the  nervous  system 
is  composed  of  a  ventral,  double,  gangliated  cord,  with  an  oesopha- 
geal collar  and  pra-CBSophageal  ganglion. 

This  class  comprises  elongated  worm-like  animals,  in  which 
the  integument  is  always  soft,  and  the  body  is  more  or  less 
distinctly  segmented,  each  segment  usually  corresponding  with 
a  single  pair  of  ganglia  in  the  ventral  cord.  All  the  segments 
are  similar  to  one  another  except  those  at  the  anterior  and 
posterior  extremities  of  the  body.  Each  segment  may  also  be 
provided  with  a  pair  of  lateral  appendages,  but  these  are  never 
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articulated  to  the  body,  and  are  never  so  modified  in  the  region 
of  the  head  as  to  be  converted  into  masticatory  organs. 

In  the  higher  Anne/ida  each  segment  (fig.  113)  consists  of 


Fig.  113.— Diagrammatic  transverse  section  of  an  Annelide.  d  Dorsal  arc  ;  v  Ventral 
arc;  «  Branchiae  ;  a  Notopodium  or  dorsal  oar;  6  Neuropodium  or  ventral  oar,  both 
carrying  setae  and  a  jointed  cirrhus. 

two  arches,  termed,  from  their  position,  respectively  the  "  dor- 
sal arc  "  and  the  "  ventral  arc ; "  and  each  bears  two  lateral 
processes,  or  "  foot-tubercles  "  {parapodid),  one  on  each  side. 
Each  "  foot-tubercle  "  is  typically  double,  being  composed  of 
an  upper  process,  called  the  "  notopodium,"  or  "  dorsal  oar," 
and  a  lower  process,  termed  the  "  neuropodium,"  or  "  ventral 
oar ; "  but  these  may  be  fused  together.  The  foot-tubercles, 
likewise,  support  bristles,  or  "setae,"  and  a  soft  cylindrical 
appendage,  which  is  termed  the  "  cirrhus  "  (fig.  113). 

The  number  of  the  segments  varies  much,  being  as  many  as 
400  in  Eunice  gigajitea )  and,  generally,  there  is  not  a  distinct 
head  which  is  separable  from  the  succeeding  rings  of  the  body. 
When  such  a  distinct  head  appears  to  be  present,  it  is  not  com- 
parable with  the  head  of  the  Arthropoda,  but  is  really  a  greatly 
modified  prse-oral  region,  or  "  prostomium,"  as  is  shown  by  the 
position  of  the  mouth..  The  "prostomium"  or  "cephalic 
lobe  "  is  placed  in  front  of  the  mouth,  and  often  carries  "  ten- 
tacles "  above  and  tactile  processes  or  "  palpi "  below. 

The  digestive  system  ot  the  Annelides  consists  of  a  mouth, 
sometimes  armed  with  horny  jaws,  a  gullet,  stomach,  intestine, 
and  a  distinct  anus.  Except  in  the  Hinidinea,  the  alimentary 
canal  is  suspended  in  a  capacious  perivisceral  space,  divided 
into  compartments  by  more  or  less  complete  partitions.  The 
alimentary  canal  is,  with  one  exception,  not  convoluted,  and 
extends  straight  from  the  mouth  to  the  anus  ;  but  lateral  diver- 
ticula are  often  present. 

As  regards  the  vascular  system,  "no  Annelide  ever  possesses 
a  heart  comparable  to  the  heart  of  a  Crustacean  or  Insect ; 
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but  a  system  of  vessels,  with  more  or  less  extensively  contrac- 
tile walls,  containing  a  clear  fluid,  usually  red  or  green  in 
colour,  and  in  some  cases  only  corpusculated,  is  very  generally 
developed,  and  sends  prolongations  into  the  respiratory  organs, 
when  such  exist"  (Huxley).  This  system  has  been  termed 
the  "  pseudohaemal  system,"  and  its  vessels  are  considered  by 
Professor  Huxley  as  being  "  extreme  modifications  of  organs 
homologous  with  the  water-vessels  of  the  Scolecida  : "  since  the 
perivisceral  cavity,  with  its  contained  corpusculated  fluid  (chyl- 
aqueous  fluid),  is,  as  shown  by  M.  de  Quatrefages,  the  true 
homologue  of  the  vascular  system  of  Crustacea  and  Insects. 
The  pseudohEEmal  system,  therefore,  of  the  Annelides  is  to  be 
regarded  as  essentially  respiratory  in  function.  The  pseudo- 
hsemal  vessels  are  sometimes  wanting,  and  in  these  cases 
respiration  appears  to  be  effected  by  the  cilia  lining  the  peri- 
visceral cavity. 

Respiration  is  effected  by  the  general  surface  of  the  body,  by 
saccular  involutions  of  the  integument,  or  by  distinct  external 
gills  or  branchiae. 

The  nervous  system  consists  of  a  double,  ventral,  gangliated 
cord,  which  is  traversed  anteriorly  by  the  oesophagus ;  the 
"  prse-oesophageal,"  or  *'  cerebral,"  ganglia  being  connected  by 
lateral  cords  or  commissures  with  the  "  post-oesophageal " 
ganglia.  Pigment-spots,  or  "  ocelli,"  sometimes  of  high  organ- 
isation, are  present  in  many,  generally  upon  the  proboscis, 
sometimes  in  each  segment,  or  on  the  branchiae,  or  on  the  tail ; 
and  the  head  often  supports  two  or  more  feelers,  which  differ 
from  the  "  antennae  "  of  Insects  and  Crustacea  in  not  being 
jointed. 

The  sexes  in  the  Annelida  are  sometimes  distinct,  and  some- 
times united  in  the  same  individual.  The  embryos  are  almost 
universally  ciliated,  and  even  in  the  adult  cilia  are  almost 
always,  if  not  always,  present,  in  both  of  which  respects  this 
class  differs  from  the  Arthropoda. 

The  Annelida  may  be  divided  into  two  sections,  characterised 
by  the  presence  or  absence  of  external  respiratory  organs  or 
branchi^.  The  Abranchiate  section  comprises  the  Leeches 
and  the  Earth-worms  ;  whilst  the  Branchiate  division  includes 
the  Tube-worms  {Tubicola)  and  the  Sand- worms  {Errantia). 
The  Annelida  are  also  often  divided  into  two  sections,  called 
ChcBtophora  and  Discophora,  according  as  locomotion  is  effected 
by  chitinous  setae  (Earth-worms,  Tube-worms,  and  Sand-worms) 
or  by  suctorial  discs  (Leeches). 
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CHAPTER  XXIX. 

ORDERS  OF  ANNELIDA. 

Order  I.  Hirudinea  {DiscopJwra  or  Sudoria). — This  order 
includes  the  Leeches,  and  is  characterised  by  the  possession  of 
a  locortwtive  and  adhesive  sucker,  posteriorly  or  at  both  extremi- 
ties, and  by  the  absence  of  bristles  and  foot-tubercles.  The  sexes 
are  mostly  united  in  the  same  individual,  and  the  young  do  not 
pass  thivugh  any  metamorphosis. 

The  Leeches  are  vermiform,  mostly  aquatic  animals,  chiefly 
inhabiting  fresh  water,  though  a  few  species  are  marine.  Loco- 
motion is  effected  either  by  swimming  by  means  of  a  serpentine 
bending  of  the  body,  or  by  means  of  one  or  two  suctorial  discs. 
In  those  forms  in  which  there  is  only  a  single  sucker  (posterior), 
the  head  or  anterior  extremity  of  the  body  can  be  converted 
into  a  suctorial  disc.  The  body  is  ringed,  as  many  as  one 
hundred  annulations  being  present  in  the  common  Leech  \  but 
it  is  not  divided  into  distinct  somites,  and,  with  rare  exceptions 
(Branchiob delta  and  Branchellion),  there  are  no  lateral  append- 
ages of  any  kind.  The  mouth  is  placed  at  the  front  end  of 
the  body,  and  may  or  may  not  be  furnished  with  teeth.  The 
pharynx  is  muscular;  the  gullet  leads  into  a  stomach  with, 
usually,  capacious  lateral  cseca  (fig.  114,  B) ;  and  the  anus  is 
placed  in  front  of  or  at  the  bottom  of  the  posterior  sucker. 
The  alimentary  canal  is  united  with  the  integument  by  a  spongy 
tissue,  formed  of  vascular  sinuses,  which  more  or  less  com- 
pletely obliterate  the  body-cavity,  and  in  which  the  blood  cir- 
culates. The  pseudoh^emal  system  generally  consists,  in 
addition  to  the  sinuses  just  alluded  to,  of  four  principal  longi- 
tudinal trunks,  devoid  of  special  dilatations.  Respiration  is 
carried  on  mainly  by  the  soft  integument,  probably  assisted  by 
the  "segmental  organs,"  and,  in  the  case  of  Bra7ichellion,  by 
the  vascular  leaf-like  appendages  on  the  sides  of  the  body. 
The  "  segmental  organs  "  are  in  the  form  of  a  larger  or  smaller 
number  of  sacs  (fig.  114,  B),  which  open  upon  the  abdominal 
surface  by  so  many  pores  or  "stigmata."  The  function  of 
these  sacculi  appears  to  be  excretory,  and  in  the  majority  of 
the  Hirudinea  they  are  closed  internally,  and  only  open  ex- 
ternally by  the  "stigmata."  In  some  of  the  Hirudinea,  how- 
ever, the  "segmental  organs"  agree  with  those  of  the  great 
majority  of  the  Annelides  in  not  only  opening  externally,  but 
m  also  communicating  internally  with  the  perivisceral  cavity. 
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1  he  segmental  organs  of  the  Leeches  differ  further  from  those 
of  the  other  Annelida  in  not  being  in  any  way  connected  with 
the  process  of  reproduction. 

The  nervous  system  consists  of  a  prae-oesophageal  ganglion, 


Fig.  114. — A,  Diagram  of  the  Leech,  showing  the  nervous  system,  and  the  ten  eyes 
placed  on  the  top  of  the  head.  B,  The  leech  dissected  to  show  the  alimentary  canal 
(/),  and  the  "  segmental  organs,"  or  so-called  "respiratory  sacs  "  (r  r)  ;  as  Anterior 
sucker ;  ps  Hinder  sucker  ;  n  n  Nervous  system  ;  h  Head,  carrying  the  eye-spots. 


which  gives  branches  to  a  number  of  simple  eyes,  or  ocelli, 
which  are  placed  on  the  head,  and  which  is  united  by  lateral 
oesophageal  cords  to  the  ventral  gangliated  chain.  The  ven- 
tral chain  of  the  common  Leech  carries  twenty-three  succes- 
sive pairs  of  ganglia,  marking  the  composition  of  the  body  out 
of  the  same  number  of  segments  or  "  zonites." 

The  sexes  are  almost  always  united  in  the  same  individual, 
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but  the  Leeches  are  nevertheless  incapable  of  self-fertilisation. 
Reproduction,  also,  is  always  effected  by  means  of  the  sexes, 
and  never  by  fission  or  gemmation. 
The  generative  products,  instead  of 
being  discharged  into  the  perivisceral 
cavity  (as  in  the  Annelida  generally), 
reach  the  surface  by  special  apertures. 
The  ova  are  deposited  in  delicate  chi- 
tinous  capsules  or  "  cocoons  j "  and  the 
young,  on  being  hatched,  undergo  no 
metamorphosis,  but  are  essentially  simi- 
lar to  the  adult  in  all  except  their  size. 

The  common  Horse-leech,  Hcemopsis,  is  only 
provided  with  blunt  teeth ;  but  the  Medicinal 
Leech  {Satiguisiiga  medicinalis,  fig.  115)  has  its 
mouth  furnished  with  three  crescentic  jaws,  the 
convex  surfaces  of  which  are  serrated  with 
minute  teeth.  This  species  is  chiefly  imported 
from  Germany,  Bohemia,  and  Russia.  In 
Sangiiisuga  officinalis,  tlie  Hungarian  Leech, 
also  used  in  medicine,  the  abdomen  has  numer- 
ous black  spots.  In  both  species  the  oral  and 
caudal  extremities  are  narrowed  before  dilating 
into  the  suckers,  and  the  body  has  from  ninety 
to  one  hundred  rings.  The  anterior  sucker  is 
small,  M'ith  a  lancet-shaped  upper  lip,  canying 
ten  ocelli  on  its  superior  surface.  The  posterior 
sucker  is  round,  obliquely  placed,  and  separated 
from  the  body  by  a  distinct  constriction.  The 
alimentary  canal,  usually  termed  the  "stom- 
ach" in  its  anterior  portion,  occupies  the 
greater  part  of  the  body-cavity,  and  is  furnished  with  eleven  membranous 
pouches  or  diverticula  on  each  side.  There  are  seventeen  segmental  organs 
on  each  side,  opening  by  minute  stigmata  on  the  lower  surface  of  the  body. 
The  opening  of  the  male  reproductive  organs  is  in  the  anterior  third  of  the 
body,  between  the  twenty-seventh  and  twenty-eighth  rings ;  that  of  the 
female  organs,  in  the  form  of  a  small  fissure,  five  rings  behind.  Impregna- 
tion of  the  hermaphrodite  individuals  is  mutual,  and  the  ova  are  deposited 
in  moist  earth,  within  a  cocoon,  where  they  remain  until  hatched.  The 
marine  Pontobdella:  have  the  body  tuberculated,  and  attach  themselves  to 
the  bodies  of  fishes,  especially  skates.  The  anterior  sucker  is  separated  in 
these  from  the  body  by  a  distinct  constriction  or  neck.  In  the  little  fresh- 
water Clepsines  the  anterior  sucker  is  wanting,  and  there  is  a  proboscidi- 
form  mouth.  They  are  found  attached  to  the  stems  of  water-plants,  or  to 
aquatic  animals  of  different  kinds.  Branchiobdella  lives  upon  the  gills  of 
Crustaceans  ;  and  Branchellion  infests  the  gills  of  various  Fishes,  such  as 
the  Turbot.    A  few  Leeches  inhabit  damp  situations  on  land. 

Order  II.  Oligoch^ta  {Terricola). — The  members  of  this 
order,  comprising  the  Earth-worms  {LwubricidcB)  and  the 
Water-worms  {Ndididce),  are  distinguished  by  the  fact  that 
their  locomotive  appendages  are  in  the  form  of  chitinous  setce  or 


Fig.  115. — Hirudinea.  a  The 
Medicinal  Leech  (Sangjii- 
sicga  offimialis),  natural  size; 
b  Anterior  extremity  of  the 
same  magnified,  showing  the 
sucker  and  triradiate  jaws  ; 
c  One  of  the  jaws  detached, 
showing  the  semicircular 
toothed  margin. 
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bristles  attached  in  rows  to  the  sides  a?id  ventral  surface  of  the 
body.  No  branchia  are  present.  They  are  all  hennaphrodite ; 
and  the  young  pass  through  no  metamorphosis.  The  Oligochoita 
are  divided  into  the  two  groups  of  the  TerricolcB  or  Earth-worms, 
and  the  Limicolcz  or  Mud-worms  and  Water-worms  {Scenuridce 
and  Ndididce). 

In  the  common  Earth-worm  {Lumbricus)  the  body  is  cyUn- 
drical,  attenuated  at  both  extremities,  and  carrying  in  the  adult 
a  thickened  zone,  which  occupies  from  six  to  nine  rings  in 
the  anterior  part  of  the  body,  is  connected  with  reproduc- 
tion, and  is  termed  the  "  chtellum,"  or  "  saddle."  Locomo- 
tion is  effected  by  eight  rows  of  short  bristles  or  setae,  four  of 
Avhich  are  placed  laterally  and  four  on  the  ventral  surface  of 
the  body ;  these  representing  the  foot-tubercles  of  the  higher 
Annelides.  The  mouth  is  edentulous,  and  opens  by  a  muscu- 
lar pharynx  into  a  short  oesophagus,  which  leads  to  a  muscular 
crop,  or  "  pro-ventriculus,"  succeeded  by  a  second  muscular 
dilatation,  or  gizzard.  Salivary  glands  open  into  the  pharynx, 
and  other  glands,  probably  digestive,  open  into  the  gullet. 
The  intestine  is  continued  straight  to  the  anus,  and  is  con- 
stricted in  its  course  by  numerous  transverse  septa,  springing 
from  the  walls  of  the  perivisceral  cavity.  The  perivisceral 
cavity  (as  in  all  the  Oligoclmtd)  is  lined  by  a  cellular  mem- 
brane, which  is  continuous  with  a  yellow  cellular  layer  cover- 
ing the  intestine  and  large  vessels,  and  which  casts  off  its  cells 
into  the  perivisceral  fluid.  The  pseudoh^mal  system  consists 
of  three  principal  longitudinal  trunks  and  their  branches,  filled 
with  a  red  non-corpusculated  fluid ;  and  there  exists,  in  even 
greater  numbers,  the  same  series  of  lateral  sacculi  or  "  segmen- 
tal organs "  which  we  have  seen  in  the  Leeches,  and  which 
have  either  a  respiratory  or  a  renal  function.  In  all  the 
Oligochceta  the  segmental  organs  communicate  internally  with 
the  perivisceral  cavity  as  well  as  externally  with  the  outer 
medium.  A  portion  of  the  segmental  organs  is  ciliated,  and 
in  all  cases  the  segmental  organs  of  certain  of  the  segments 
have  the  special  function  of  acting  as  efferent  ducts  for  the 
generative  organs.  The  body-cavity  is  filled  with  a  colourless 
corpusculated  "  blood."  The  reproductive  organs  consist  of 
two  pairs  of  testes,  opening  on  the  fifteenth  segment,  and  one 
pair  of  ovaries,  of  which  the  oviducts  open  on  the  fourteenth 
segment.  In  addition,  the  animal  also  possesses  a  pair  of 
semmal  reservoirs  in  the  tenth  and  eleventh  rings,  and  five 
pairs  of  glands  for  secreting  the  capsules  of  the  eggs.  The 
ova  are  deposited  in  chitinous  capsules,  and  the  young  pass 
through  no  metamorphosis. 
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Of  the  little  NdididcB,  the  most  familiar  is  the  Ttibifex  rivu- 
loruf/i,  which  is  of  common  occurrence  in  the  mud  of  ponds 
and  streams.  It  is  from  half  an  inch  to  one  inch  and  a  half  in 
length,  and  of  a  bright-red  colour.  The  pseudohsemal  system 
is  provided  with  two  contractile  cavities  or  hearts ;  and  there 
is  present  the  same  system  of  lateral  tubes,  opening  externally 
by  pores,  as  occurs  in  the  Earth-worms. 

The  NdididcB  are  chiefly  noticeable  on  account  of  the  singular  process  of 
non-sexual  reproduction  which  they  present  before  they  attain  sexual  ma- 
turity. In  this  process  the  Ndis  throws  out  a  bud  between  two  rings,  at  a 
point  generally  near  the  middle  of  the  body.  Not  only  is  this  bud  devel- 
oped into  a  fresh  individual,  but  the  two  portions  of  the  parent  marked 
out  by  the  budding  point  likewise  become  developed  into  separate  indivi- 
duals. The  portion  of  the  parent  in  front  of  the  bud  develops  a  tail,  whilst 
the  portion  behind  the  bud  develops  a  head.  Prior  to  the  detachment  of 
the  bud,  other  secondary  buds  are  formed  from  the  same  segment,  each  in 
front  of  the  one  already  produced ;  and  in  this  way,  before  separation  takes 
place,  a  chain  of  organically  connected  individuals  is  prodviced,  all  of  which 
are  nourished  by  the  anterior  portion  of  the  primitive  worm.  Besides  their 
non-sexual  reproduction,  the  NdididcB  possess  generative  organs  when  adult, 
and  exhibit  true  sexual  reproduction.  With  the  development  of  the  gen- 
erative organs,  a  new  segment  is  added  to  the  body,  and  certain  other  modi- 
fications take  place  ;  so  that  the  process  of  attaining  sexual  maturity  is 
actually  attended  with  a  species  of  metamorphosis. 

As  regards  their  distribution  in  space,  the  Oligochceta  have 
a  cosmopolitan  range.  The  most  are  either  terrestrial,  or  in- 
habit fresh  waters,  burrowing  in  mud  or  sand;  but  a  few  are 
marine. 

Order  III.  Tubicola  {Cephalobranchiata). — Animal  pro- 
tected by  a  tube ;  locomotive  organs  in  the  fonti  of  foot-tubercles, 
carrying  setce ;  breathing-organs  in  the  form-  of  branchice  carried 
on  or  near  the  head.  Sexes  almost  always  distinct.  A  metamor- 
phosis in  development.  The  Annelides  which  are  included  in 
this  order  inhabit  tubes,  which  may  be  calcareous,  and  secreted 
by  the  animal  itself,  or  may  be  composed  of  grains  of  sand 
or  pieces  of  broken  shell,  cemented  together  by  a  glutinous 
secretion  from  the  body.  The  body-rings  are  mostly  provided 
with  fasciculi  of  bristles  set  upon  lateral  foot-tubercles  or  para- 
podia,  by  means  of  which  the  animal  is  enabled  to  draw  itself 
in  and  out  of  its  tube. 

The  Tubicola  are  often  united  with  the  order  of  the  Errantia 
under  the  name  of  Polychceta  ;  and  though  collectively  spoken 
of  as  "  Branchiate  Annelides,"  they  do  not  always  possess 
specialised  respiratory  organs. 

The  protecting  tube  of  the  Tubicolous  Annelides  may  be 
composed  of  carbonate  of  lime  (Serpula),  of  grains  of  sand' 
(Sabellaria),  or  of  sand,  pieces  of  shell,  and  other  adventitious 


250 


MANUAL  OF  ZOOLOGY. 


particles  cemented  together  by  a  glutinous  secretion  from  the 
body  {Terebella) ;  or  it  may  be  simply  membranaceous  or  leath- 
ery {Sabelia).  Sometimes  the  tube  is  free  and  non-adherent 
{Fedinaria) ;  more  commonly  it  is  attached  to  some  submarine 
object  by  its  apex  or  by  one  side  {Se?'pula  and  Spirorbis). 
Sometimes  the  tube  is  single  {Sph'OJ'bis) ;  sometimes  the  animal 
is  social,  and  the  tubes  are  clustered  together  in  larger  or 
smaller  masses  {Sabellaria). 

When  the  tube  is  calcareous,  it  presents  certain  resemblances 
to  the  shells  of  some  of  the  Molluscs,  such  as  Vernietus  and 
Dentaliiim.  In  the  living  state  it  is  easy  to  make  a  distinction 
between  these,  for  the  Tubicolar  Annelides  are  in  no  way 
organically  attached  to  their  tubes,  whereas  the  Molluscs  are 
always  attached  to  their  shell  by  proper  muscles. 

The  pseudohaemal  system  has  its  usual  arrangement,  and 
the  contained  fluid  is  usually  red  in  colour,  but  is  olive-green 

in  Sabelia,  The  respiratory  or- 
gans are  in  the  form  of  filament- 
ous branchiae,  attached  to,  or 
near,  the  head,  generally  in  two 
lateral  tufts,  arranged  in  a  funnel- 
shaped  or  spiral  form.  Each 
^^i^^  ~         filament  is  fringed  with  vibrating 

^^^^"^X  cilia,  and  the  tufts  are  richly  sup- 

plied with  fluid  from  the  pseudo- 
haemal  system.  There  is  no  spe- 
cial apparatus  required  to  drive 
the  blood  back  to  the  heart,  but 
this  is  effected  by  the  contractile 
power  of  the  gills  themselves. 
From  the  position  of  the  branchiae 
upon,  or  near,  the  head,  the  Tti- 
bicola  are  often  known  as  the 
cephalobranchiate  "  Annelides  {fig.  ii6). 
Reproduction  in  the  Tubicola  is  generally  sexual,  the  sexes 
being  almost  invariably  in  different  individuals  ;  but  fission  has 
also  been  noticed  to  occur.  As  regards  their  development, 
the  young  pass  through  a  distinct  metamorphosis.  Thelarv^ 
(fig.  117,  A  and  D)  are  freely  locomotive,  furnished  with  eye- 
spots,  and  swimming  actively  by  means  of  cilia,  which  are 
principally  aggregated  into  two  rings  or  circlets,  one  placed 
on  the  head,  the  other  at  the  hinder  end  of  the  body.  The 
tentacles  are  developed  at  an  early  period,  and  the  larva  un 
dergoes  segmentation.  Finally,  the  cilia  disappear,  the  larvr 
becomes  stationary,  and  the  protective  tube  of  the  adult  ■ 


Fig.  116.  — Tubicola.  a  Serptda  con- 
torttiplicata,  showing  the  branchiae 
and  operculum ;  b  Spirorbis  com- 
munis. 
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secreted.  The  young  Tubicolar  Annelide  thus  resembles  the 
permanent  condition  of  the  Errant  forms ;  and  the  stationary 


Fig.  117. — Development  of  Tubicolar  and  Errant  Annelides.  A,  Larva  oi  Terebella  ', 
o  Position  of  the  mouth  ;  a  Anus,  surrounded  by  the  posterior  circlet  of  cilia ;  c  An- 
terior circlet  of  cilia;  2*  Tentacle.  B,  Polytrochal  larva  of  Arenicola;  C,  Larva  of 
Pkyllodoce.  D,  Larva  of  Spirorbis ;  it  Tentacles.  All  the  figures  are  greatly 
magnified.    (After  Claparede,  Schultze,  and  A.  Agassiz. ) 

condition  of  the  adult,  accompanied  by  the  loss  of  its  sense- 
organs,  may  be  regarded  as  an  instance  of  "retrograde  de- 
velopment." 

The  most  familiar  of  the  Tubicola  is  the  Sei-pula  (fig.  116,  d),  the  con- 
torted and  winding  calcareous  tubes  of  which  must  be  known  to  almost 
every  one  as  occurring  on  shells  or  stones  on  the  sea-shore.  One  of  the 
cephalic  cirrhi  in  Serpiila  is  much  developed,  and  carries  at  its  extremity 
a  conical  plug,  or  operculum,  whereby  the  mouth  of  the  tube  is  closed 
when  the  animal  is  retracted  within  it.  The  operculum  of  Serpula  has  a 
more  than  ordinary  interest  in  the  fact  that  it  is  the  only  instance  in  the 
Annelida  in  which  calcareous  matter  is  deposited  within  the  integument. 
In  Spirorbis  (fig.  116,  b)  the  shelly  tube  is  coiled  into  a  flat  spiral,  one 
side  of  which  is  fixed  to  some  solid  object.  It  is  of  extremely  common 
occurrence  on  the  fronds  of  sea-weed  and  on  other  submarine  objects. 

Equally  familiar  with  Serpula  is  Terebella,  the  animal  of  which  is  in- 
cluded in  a  tube  composed  of  sand  and  fragments  of  shell,  cemented  together 
by  a  glutinous  secretion.  In  the  Sabellidm  the  tube  is  composed  of  granules 
ofsandormud.  \xv  Pectinaria  the  tube  is  free,  membranous,  or  papyra- 
ceous, covered  with  sand-grains,  and  in  the  form  of  a  reversed  cone  of  con- 
siderable length.  In  Fkoronis,  the  tube  is  membranous,  and  the  branchife 
are  carried  upon  a  horse-shoe-shaped  process,  which  is  strikingly  similar  to 
the  "lophophore  "  of  the  Polyzoa. 


Order  IV.  l^^RA-ii'nx{Chcetopoda,  ox Nercided). — This  order 
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comprises /r^^  Annelides,*  which  possess  setigerous  foot-tuhercles. 
The  respiratory  oj-gans  are  generally  in  the  form  of  tufts  of  ex- 
ternal branchia,  arranged  along  the  back  or  the  sides  of  the  body. 
The  sexes  are  distinct,  and  the  young  pass  through  a  metamor- 
phosis. This  order  includes  most  of  the  animals  which  are 
commonly  known  as  Sand-worms  and  Sea-worms,  together 
with  the  familiar  Sea-mice. 

The  integument  is  soft,  and  the  body  is  distincdy  divided 
into  a  number  of  rings  or  segments,  each  of  which,  in  the 
typical  forms,  possesses  the  following  structure.  The  segment 
consists  of  two  arches,  a  lower  or  "  ventral  arc,"  and  an 
upper  or  "  dorsal  arc,"  with  a  "  foot-tubercle  "  on  each  side. 
Each  foot-tubercle  consists  of  an  upper  process,  or  "  noto- 
podium,"  and  a  lower  process,  or  "  neuropodium,"  each  of 
Avhich  carries  a  tuft  of  bristles,  or  "  setae,"  (rarely,  a  single 
bristle)  and  a  species  of  tentacle  termed  the  "  cirrhus "  (fig. 
113)- 

The  outer,  cuticular  layer  of  the  body  is  generally  more  or 
less  chitinous,  and  is  often  iridescent.  Below  this  is  a  mus- 
cular layer,  by  which  the  movements  of  the  animal  are  effected, 
and  which  encloses  the  "  perivisceral  cavity."  This  cavity 
runs  the  whole  length  of  the  body,  and  is  lined  by  a  special, 
often  ciliated  membrane,  which  is  reflected  upon  the  alimen- 
tary canal  and  other  internal  organs.  It  is  usually  more  or 
less  subdivided  by  imperfect  partitions,  and  is  filled  with  an 
albuminous  fluid  containing  floating  corpuscles,  and  corre- 
sponding with  the  blood.  This  so-called  "  chylaqueous  fluid," 
"  performs  one  of  the  functions  of  an  internal  skeleton,  acting 
as  the  fulcrum  or  base  of  resistance  to  the  cutaneous  muscles, 
the  power  of  voluntary  motion  being  lost  when  the  fluid  is  let 
out "  (Owen). 

The  anterior  extremity  of  the  body  is  usually  so  modified 
as  to  be  distinctly  recognisable  as  the  head,  and  is  provided 
with  eyes,  and  with  two  or  more  feelers,  which  are  not  jointed, 
and  are  therefore  not  comparable  with  the  antennae  of  Crus- 
tacea and  Insects.  The  mouth  is  placed  on  the  inferior  sur- 
face of  the  head,  and  is  often  furnished  with  one  or  more  pairs 
of  horny  jaws,  working  laterally.  The  pharynx  is  muscular, 
and  forms  a  sort  of  proboscis,  being  provided  with  special 
muscles,  by  means  of  which  it  can  be  everted  and  again  re- 
tracted.   In  most  there  is  no  distinction  between  stomach  and 

*  Fritz  Miiller  describes  an  errant  Annelide  belonging  to  the  Amphino- 
midcB  as  living  parasitically  within  the  shell  of  the  common  Barnacle 
{Lepas),  showing  that  the  members  of  this  group  may  sometimes  lose  then- 
free  habit. 
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intestine,  and  the  epithelium  of  the  alimentary  canal,  like  that 
of  the  preceding  orders,  is  ciliated. 

The  pseudohaemal  system  is  well  developed,  and  consists 
essentially  of  a  long  dorsal  vessel,  and  a  similar  ventral  one, 
connected  by  transverse  branches,  and  sometimes  furnished  at 
the  bases  of  the  branchiae  with  pulsating  dilatations.  The 
contained  fluid  is  mostly  red,  but  is  yellow  in  Aphrodiie  and 
Poly7ioe,  and  in  no  case  contains  corpuscles. 

Respiration  is  carried  on  by  means  of  a  series  of  external 
branchiae  or  gills,  arranged  in  tufts  upon  the  sides  of  the  body 
on  its  dorsal  aspect,  along  the  middle  of  the  body  only,  or 
along  its  entire  length ;  but  in  some  forms  the  gills  may  be 
rudimentary  or  wanting.  From  the  position  of  the  branchiae, 
the  members  of  this  order  are  often  spoken  of  as  the  "  Dorsi- 
branchiate  "  (or  more  properly  "  Notobranchiate  ")  Annelides. 
The  "segmental  organs,"  with  few  exceptions,  communicate 
with  the  perivisceral  cavity  internally,  and  in  certain  segments 
they  are  always  specialised  to  act  as  efferent  ducts  for  the  re- 
productive organs. 

The  nervous  system  in  the  Erraiitia  has  its  typical  form, 
consisting  of  a  double  gangliated  ventral  cord,  two  ganglia  of 
which  are  appropriated  to  each  segment.  The  prae-oesopha- 
geal,  or  cerebral,  ganglia  are  of  large  size,  and  send  filaments 
to  the  ocelli  and  feelers. 

The  sexes  in  the  Errantia  are  in  different  individuals,  and 


Fig.  118. — "  Errant"  Annelide.    Nereis,  showing;  the  ''  head"  with  its  appendages 
and  the  setigerous  parapodia. 

reproduction  is  usually  sexual,  though  in  some  cases  gemma- 
tion is  known  to  occur.  The  process  of  gemmation  is  carried 
on  by  a  single  segment,  and  so  long  as  it  continues,  the  bud- 
ding individual  remains  sexually  immature,  though  the  young 
thus  produced  develop  generative  organs.  Thus,  there  is  in 
these  cases  a  kind  of  alternation  of  generations,  or  rather  an 
alternation  of  generation  and  gemmation ;  the  oviparous  indi- 
viduals producing  eggs  from  which  the  gemmiparous  indi- 
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viduals  are  born ;  these,  in  their  turn,  but  by  a  non-sexual 
process,  producing  the  oviparous  individuals.  Fission  is  also 
known,  in  a  few  instances,  to  take  place.  Occasionally,  also, 
the  males  and  females  differ  from  one  another,  and  both  may 
differ  from  the  sexless  forms,  when  these  exist.  Thus,  Heter- 
onereis  is  founded  upon  the  sexless  forms  oi  Nereis ;  whilst  the 
species  of  the  genus  Autolytus,  amongst  the  Syllidea,  exhibit  a 
still  more  remarkable  polymorphism,  the  males  and  females 
being  extremely  dissimilar,  and  there  being  in  addition  a  third 
sexless  form,  which  produces  the  sexual  individuals  by  gemma- 
tion at  its  hinder  extremity. 

The  embryo  usually  appears,  on  its  liberation  from  the 
ovum,  as  a  free-swimming,  ciliated  body,  possessing  a  mouth, 
intestine,  and  anus.  The  cilia  are  primarily  diff"used,  but 
become  aggregated  so  as  to  form  a  single  median  belt,  or  two 
bands,  one  about  each  extremity,  or  a  series  of  bands  (fig.  117, 
B  and  C).  The  head,  with  its  feelers  and  eye-specks,  appears 
at  one  extremity,  whilst  the  segments  of  the  body  begin  to  be 
formed  at  the  other.  Each  segment  is  developed  in  four  parts, 
the  two  principal  ones  forming  half-rings,  united  by  shorter 
side-pieces,  from  which  the  setigerous  foot-tubercles  are  de- 
veloped. The  ciliated  band  or  bands  finally  disappear,  and 
new  rings  are  rapidly  added  by  intercalation  between  the  head 
and  the  segments  already  formed. 

Amongst  the  best  known  of  the  Errajttia  is  the  common  Lob-worm 
{Arenicola  piscatorum,  fig.  119,  C),  which  is  used  by  fishermen  for  bait. 
The  Lob-worm  lives  in  deep  canals,  which  it  hollows  out  in  the  sand  of 
the  sea-shore,  literally  eating  its  way  as  it  proceeds,  and  passing  the  sand 
through  the  alimentary  canal,  so  as  to  extract  from  it  any  nutriment  which 
it  may  contain.  It  possesses  a  large  head,  without  eyes  or  jaws,  and  with 
a  short  proboscis.  There  are  thirteen  pairs  of  branchias  placed  on  each 
side  in  the  middle  of  the  body. 

In  the  Sea-mouse  (Aphrodite,  fig.  119,  B),  the  back  is  covered  with  a 
double  row  of  membranous  imbricated  plates,  which  are  called  "elytra," 
or  "squamce,"  and  respiration  is  effected  by  the  periodical  elevation  and 
depression  of  tliese  plates,  whereby  water  is  alternately  admitted  into,  and 
expelled  from,  a  space  beneath  them.  This  space  is  separated  by  a  mem- 
brane from  the  perivisceral  cavity  below,  and  contains  the  gills  in  the  form 
of  small  fleshy  crests.  The  pharynx  is  thick  and  muscular,  and  can  be 
everted  like  a  proboscis,  and  tlie  intestine  has  a  number  of  lateral  branched 
caeca. 

In  the  NereidcB,  or  "  Sea-centipedes,"  the  body  is  greatly  elongated,  and 
consists  of  a  great  number  of  similar  segments,  with  rudimentary  branchia;. 
The  head  is  distinct,  and  carries  eyes  and  feelers,  whilst  the  mouth  is  fur- 
nished with  a  large  proboscis,  and  often  with  two  horny  jaws  (fig.  118). 
In  the  Eunicea  the  branchije  are  usually  well  developed  and  of  large  size, 
and  the  mouth  is  armed  with  seven,  eight,  or  nine  homy  jaws.  Eunice 
gigantca  attains  sometimes  a  length  of  over  four  feet,  and  may  consist  of 
more  than  four  hundred  rings. 
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All  the  Errant  Annelides  are  marine,  occurring  in  all  seas 
from  the  Arctic  Ocean  to  the  equator,  and  extending  to  great 
depths.  A  few  forms  {e,g.,  To^nopteris)  are  pelagic.  Others 
live  in  sand  and  mud ;  whilst  others  hide  under  stones,  or  in 
fissures  in  rock-pools ;  and  others,  again,  bore  holes  in  calca- 
reous rocks,    A  few  live  as  "  commensals  "  on  other  animals. 


Fig.  119. — Errant  Annelides.    A,  Hairy-bait  {Nephthys)\  B,  Sea-mouse  (^Aphrodite); 
C,  Lob- worm  {A  renicola).    (After  Gosse. ) 

Distribution  of  Annelida  in  Time. — Of  the  Annelida 
the  only  orders  which  are  known  to  have  left  any  traces  of 
i  their  existence  in  past  time  are  the  Tubicola  and  the  Erra7itia; 
j  of  which  the  former  are  known  by  their  investing  tubes,  whilst 
\  the  latter  are  only  recognised  by  the  tracks  which  they  left 
upon  ancient  sea-bottoms,  or  by  their  burrows  in  sand  or  mud. 
These  tracks  and  burrows  of  Annelides  are  found  commonly 
in  rocks  of  almost  all  ages  from  the  Cambrian  period  upwards. 
Those  tracks  which  have  been  caused  simply  by  the  passage 
of  the  worm  over  the  surface  of  the  mud  are  termed  by  Mr 
Salter  Helmint kites,  whilst  the  burrows  are  called  Scolites  (or 
ScolithiLs).  <, 

Tubicolar  Annelides  are  known  to  occur  from  the  Silurian 
rocks  upwards.  The  well-known  Silurian  fossil  Tentaculites, 
has  been  often  referred  to  the  Tubicola,  but  is  almost  certainly 
Pteropodous.  Cornulites,  Serpulites,  Ortonia,  Trachyderma, 
Spirorbis,  and  Conchicolites  are,  however,  genuine  Silurian 
Tubicola.    The  Microconchus  carbonarius  is  a  little  spiral  Tubi- 
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colar  Annelide,  nearly  allied  to  the  Spirorbis  (fig.  wd^b)  of  our 
seas,  which  is  not  uncommonly  found  in  strata  belonging  to 
the  Carboniferous  period ;  and  the  genus  Spirorbis  itself  is 
represented  even  in  the  Silurian  period. 

Class  III.  Ch^tognatha  (Huxley). — Elongated  cylindrical 
animals  having  the  hinder  extremity  of  the  body  furnished  with  an 
integumentary  fi?i.  Anterior  end  of  the  body  provided  with  setce 
and  corneous  Jaws.  No  foot-tubercles.  Sexes  united  in  the  same 
individual. 

This  class  includes  only  the  singular  pelagic  animals  belong- 
ing to  the  genus  Sagitta,  the  precise  systematic  position  of  whicli 
is  somewhat  doubtful.  They  appear,  however,  to  form  a  con- 
necting link  between  the  Annelides  on  the  one  hand,  and  the 
free  Nematoids  on  the  other  hand. 

The  Sagittce  (fig.  120)  have  elongated  transparent  bodies, 


Fig.  120. — Morphology  oi  Chaiognnikei.  A,  Sagitta  iricmpidata  of  the  natural  size; 
o  One  of  the  ovaries ;  J /  Orifice  of  one  of  male  organs  of  reproduction.  B,  Head 
of  the  same,  viewed  from  beneath  and  greatly  enlarged,  showing  the  horny,  setiform 
jaws.    (After  Saville  Kent.) 


rarely  over  an  inch  in  length,  having  the  hinder  end  of  the 
body  expanded  into  a  striated  caudal  fin,  similar  fins  often 
existing  on  the  sides  of  the  body  as  well.  The  head  car- 
ries a  series  of  set^  placed  in  front  of  the  mouth,  and  the 
oral  aperture  is  furnished  with  unciform  corneous  brisdes 
or  "falces,"  which  act  as  jaws.  The  alimentary  canal  is 
straight,  and  terminates  in  an  anus  placed  at  the  base  of  the 
tail  below. 

"  A  single  oval  gangUon  lies  in  the  abdomen,  and  sends, 
forwards  and  backwards,  two  pairs  of  lateral  cords.  The 
lateral  cords  unite  in  front  of  and  above  the  mouth  into  a 
hexagonal  ganglion.  This  gives  off  two  branches  which  dilate 
at  their  extremities  into  the  spheroidal  ganglia,  on  which  tlie 
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darkly  pigmented  imperfect  eyes  rest.  The  ovaries,  saccular 
organs,  lie  on  each  side  of  the  intestine  and  open  on  either 
side  of  the  vent ;  receptaciila  seminis  are  present.  Behind  the 
anus,  the  cavity  of  the  tapering  caudal  part  of  the  body  is 
partitioned  into  two  compartments ;  on  the  lateral  parietes  of 
these,  cellular  masses  are  developed  which  become  detached, 
and,  floating  freely  in  the  compartment,  develop  into  sperma- 
tozoa. These  escape  by  spout-like  lateral  ducts,_the  dilated 
bases  of  which  perform  the  part  of  vesiculce  seminales.  The 
embryos  are  not  ciliated,  and  undergo  no  metamorphosis" 
(Huxley). 

The  species  of  Sagitta  are  found,  living  in  the  open  sea,  in 
the  Mediterranean,  and  in  the  Atlantic  and  Pacific  Oceans. 
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CHAPTER  XXX. 

ARTHROPOD  A. 

Division  II.  Arthropoda,  or  Articulata. — The  remaining 
members  of  the  sub-kingdom  Annulosa  are  distinguished  by 
the  possession  of  jointed  appejidages,  articulated  to  the  body;  and 
they  form  the  second  primary  division — often  called  by  the 
name  Articulata.  As  this  name,  however,  has  been  employed 
in  a  wider  sense  than  is  understood  by  it  here,  it  is  perhaps 
best  to  adopt  the  more  modern  term  Arthropoda. 

The  members  of  this  division,  comprising  the  Crustacea 
(Lobsters,  Crabs,  &c.),  the  Arachnida  (Spiders  and  Scorpions), 
the  Myriapoda  (Centipedes),  and  the  Lisecta,  are  distinguished 
as  follows : — 

The  body  (fig.  no)  is  composed  of  a  series  of  segments, 
arranged  along  a  longitudinal  axis  ;  each  segment,  or  "  somite," 
occasionally,  and  some  always,  being  provided  with  articulated 
appendages.  Both  the  segmented  body  and  the  articulated 
limbs  are  more  or  less  completely  protected  by  a  chitinous 
exoskeleton,  formed  by  a  hardening  of  the  cuticle.  The  ap- 
pendages are  hollow,  and  the  muscles  are  prolonged  into  their 
interior.  The  nervous  system  in  all,  at  any  rate  in  the  embry- 
onic condition,  consists  of  a  double  chain  of  ganglia,  placed 
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along  the  ventral  surface  of  the  body,  united  by  longitudinal 
commissures,  and  traversed  anteriorly  by  the  oesophagus.  The 
haemal  system,  when  differentiated,  is  placed  dorsally,  and  con- 
sists of  a  contractile  cavity,  or  heart,  provided  with  valvular 
apertures,  and  communicating  with  a  perivisceral  cavity,  con- 
taining corpusculated  blood.  Respiration  is  effected  by  the 
general  surface  of  the  body,  by  gills,  by  pulmonary  sacs,  or  by 
tubular  involutions  of  the  integument,  termed  "  tracheae."  In 
no  member  of  the  division  are  vibratile  cilia  known  to  be  de- 
veloped. According  to  Professor  Huxley,  an  additional  con- 
stant character  of  the  Arthropoda  is  to  be  found  in  the  structure 
of  the  head,  which  is  typically  composed  of  six  segments,  and 
never  contains  less  than  four. 

The  Arthropoda  are  divided  into  four  great  classes — viz., 
the  Crustacea,  the  Arachnida,  the  Myriapoda,  and  the  Insecta; 
which  are  roughly  distinguished  as  follows  : — 

1.  Crustacea.  —  Respiration  by  means  of  gills,  or  by  the  ' 
general  surface  of  the  body.    Two  pairs  of  antennce.  Locomotive 
appendages,  more  than  eight  in  number,  borne  by  the  segments  of 
the  thorax,  and  usually  of  the  abdonieji  also, 

2.  Arachnida. — Respiration  by  pulmonary  vesicles,  by  trachecB, 
or  by  the  general  surface  of  the  body.  Head  and  thorax  united 
into  a  cephalothorax.  Antennce  {as  such)  absent.  Legs  eight. 
Abdo77ien  without  articulated  appendages. 

3.  Myriapoda. — Respiration  by  trachece.  Head  distinct ;  re- 
mainder of  the  body  composed  of  nearly  similar  sojnites.  One  pair 
of  antenncB.    Legs  nutnerous. 

4.  ItiSECTA.— Respiration  by  trachece.  Head,  thorax,  and 
abdomen  distinct.  One  pair  of  antennce.  Three  pairs  of  legs 
home  on  the  thorax.  Abdomen  destitute  of  limbs.  Generally 
two  pairs  of  wings  07i  the  thorax. 


CHAPTER  XXXI. 
CRUSTACEA. 

LASS  I.  Crustacea.— The  members  of  this  class  are  corn- 
only  known  as  Crabs,  Lobsters,  Shrimps,  King-crabs,  Bar- 
acles,  Acorn-shells,  &c.  They  are  nearly  allied  to  the  suc- 
eedmg  order  of  the  Arachnida  (Spiders  and  Scorpions) ;  but 
ay  usually  be  distinguished  by  the  possession  of  articulated 
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appendages  upon  the  abdominal  segments,  by  the  possession 
of  two  pairs  of  antenna;,  and  by  the  presence  of  branchiae. 

The  body  is  composed  of  a  number  of  definite  rings  or  seg- 
ments {"  somites  "),  each  of  which  may  be  provided  with  a  pair 
of  jointed  appendages.  With  rare  exceptions,  some  of  the 
somites  of  the  adult  always  carry  appendages ;  and  one  or 
more  pairs  are  almost  invariably  adapted  for  mastication.  The 
nervous  system  of  the  embryo  has  the  typical  Annulose  form 
of  a  chain  of  ventral  ganglia,  between  the  first  two  pairs  of 
which  the  gullet  passes.  No  water-vascular  system  is  present; 
but  there  is  generally  a  true  blood-vascular  system.  The  heart, 
when  present,  is  placed  on  the  opposite  side  of  the  alimentary 
canal  to  the  ventral  nerve-chain,  and  communicates  by  valvular 
apertures  with  a  surrounding  venous  sinus — the  so-called  "peri- 
cardium." When  differentiated  breathing-organs  are  present, 
these  are  always  in  the  form  of  branchiae  or  gills,  adapted  for 
respiring  air  dissolved  in  water. 

In  addition  to  these  characters,  the  body  in  the  Crustacea 
is  always  protected  by  a  chitinous  or  sub-calcareous  exoskele- 
ton,  or  "  crust,"  and  the  number  of  pairs  of  articulated  limbs 
is  generally  from  five  to  seven.  They  all  pass  through  a  series 
of  metamorphoses  before  attaining  their  adult  condition,  and 
every  part  that  is  found  in  an  embryonic  form,  even  though 
only  temporarily  developed,  may  be  represented  in  a  perma- 
nent condition  in  some  member  of  a  lower  order. 

As  regards  the  classification  of  the  Crustacea,  the  tabular 
view  which  follows  embodies  the  arrangement  which  is  most 
generally  adopted,  and  the  diagnostic  characters  of  each  order 
will  be  briefly  given,  a  more  detailed  description  being  reserved 
for  the  more  important  divisions  of  the  class.  Before  proceed- 
ing further,  however,  it  will  be  as  well  to  give  a  description  of 
the  morphology  of  a  typical  Crustacean^  selecting  the  lobster 
as  being  as  good  an  example  as  any. 

The  body  of  a  typical  Crustacean  may  be  divided  into  three 
regions — a  head,  a  thorax^  and  an  abdomen,  each  of  which  is 
composed  of  a  certain  number  of  somites,  though  opinions 
differ  both  as  to  the  number  of  segments  in  each  region,  and 
as  to  their  number  collectively.  By  the  majority  of  authorities 
the  body  is  looked  upon  as  being  typically  composed  oitwcnty- 
07ie  segments,  of  which  seven  belong  to  the  head,  seven  to  the 
thorax,  and  seven  to  the  abdomen.  In  many  Crustacea,  how- 
ever, the  segments  of  the  head  and  thorax  are  welded  together 
into 'a  single  mass,  called  the  "  cephalothorax ; "  in  which  case 
the  body  shows  only  two  distinct  divisions,  of  which  the  cephalo- 
thorax claims  fourteen  segments,  whilst  the  remaining  seven  are 
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allotted  to  the  abdomen.  By  Professor  Huxley,  on  the  other 
hand,  the  terminal  jomt  of  the  abdomen,  termed  the  "  telson," 
is  regarded  as  an  appendage,  and  not  as  a  somite.  Upon  this 
view,  the  body  of  a  typical  Crustacean  will  consist  of  twenty 
segments  only.  Professor  Huxley,  further,  differs  from  the 
above-mentioned  view  in  the  allotment  of  the  somites,  and  he 
divides  the  body  into  six  cephalic,  eight  thoracic,  and  six  ab-  | 
dominal  somites.*  Fritz  Miiller  and  Claus  deny  that  the  eyes 
are  limbs,  or  that  there  is  an  ocular  segment.  The  telson,  on 
the  other  hand,  is  regarded  by  the  former  as  a  true  somite, 
chiefly  because  the  intestine  usually  opens  in  this  piece. 

Whilst  the  normal  number  of  segments  in  the  body  of  any 
Crustacean  may  thus  be  regarded  as  being  twenty-one,  or 
twenty,  there  occur  cases  in  which  this  number  is  exceeded, 
and  others  in  which  the  number  of  somites  is  apparently  less. 
In  these  latter  cases,  however,  the  apparent  diminution  in  the 
kiumber  of  segments  is  really  due  to  some  having  been  fused 
together,  as  is  shown  by  the  number  of  appendages,  since  each 
pair  of  appendages  indicates  a  separate  somite.  In  other 
pases,  however,  in  Avhich  the  number  of  somites  is  really  less 
pan  the  normal,  this  is  due  to  an  arrest  of  development.  Ac- 
cording to  Milne-Edwards : — 

"  In  the  embryo  these  segments  are  formed  in  succession 
From  before  backwards,  so  that,  when  their  evolution  is  checked, 
the  latter,  rather  than  the  earlier,  rings  are  those  which  are 
wanting ;  and,  in  fact,  it  is  generally  easy  to  see  in  those  speci- 
mens of  full-grown  Crustaceous'  animals,  whose  bodies  present 
fewer  than  twenty-one  segments,  that  the  anomaly  depends  on 
'.he  absence  of  a  certain  number  of  the  most  posterior  rings  of 
:he  body."  According  to  Dana,  however,  the  abortion  of  seg- 
nents,  with  their  appendages,  almost  always  takes  place  at  the 
posterior  end  of  the  cephalothorax. 

In  no  single  example  can  a  general  view  be  obtained  of  the 
iifferent  segments  and  their  appendages  in  the  Crustacea. 
'  Indeed,  the  only  segment  that  may  be  said  to  be  persistent, 
s  that  which  supports  the  mandibles,  for  the  eyes  may  be 
vanting,  and  the  antennae,  though  less  liable  to  changes  than 
he  remaining  appendages,  are  nevertheless  subject  to  very 
extraordinary  modifications,  and  have  to  perform  functions 
equally  various.    Being  essentifilly  and  typically  organs  of 

*  In  reality  the  five  hindmost  segments  of  the  eight  somites  here  allotted 
o  the  thorax,  should  alone  be  regarded  as  constituting  the  abdovien  proper, 
-;-that  is,  the  region  corresponding  to  the  "abdomen"  of  insects  and  Arach- 
iida.  The  six  somites  allotted  above  to  the  abdomen  belong  to  what  is 
trictly  called  the  ''post-abdomen"  of  the  Crustacea. 
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touch,  hearing,  and  perhaps  of  smell,  in  the  highest  Decapods, 
they  become  converted  into  burrowing  organs  in  the  Scyllai-idx^ 
organs  of  prehension  in  the  Merostoinata,  claspers  for  the  male 
in  the  Cyclopoidea,  and  organs  of  attachment  in  the  Cirripedia. 
Not  to  multiply  instances,  we  have  presented  to  us  in  the 
Crustacea  probably  the  best  zoological  illustration  of  a  class, 
constructed  on  a  common  type,  retaining  its  general  character- 
istics, but  capable  of  endless  modification  of  its  parts,  so  as 
to  suit  the  extreme  requirements  of  every  separate  species" 
(H.  Woodward). 

Taking  the  common  Lobster  (fig.  122)  as  a  good  and  readily 
obtainable  type  of  the  Crustacea,  the  body  is  at  once  seen  to 
be  composed  of  two  parts,  familiarly  called  the  "head"  and 
the  "tail,"  the  latter  being  jointed  and  flexible.  The  so- 
called  "  head  "  is  really  composed  of  both  the  head,  properly 
so  called,  and  the  thorax,  which  have  coalesced  so  as  to  form 

a  single  mass,  technically  called  the 
^      ^    ^  "  cephalothorax."     The   so  -  called 

'^^^^  ^      u  taii^"  on  the  other  hand,  is  truly 
p  ...T        ^  .  p  the  "  abdomen."  The  various  appen- 

"V      ^        dages  of  the  animal  are  arranged 
/  ^|^^^^#  ^      along  the  lower  surface  of  the  body, 
/  ,  c      -,  and   consist   of  the  feelers,  jaws, 
Xsi:i^^^trco^J^ll  of  claws,  legs,  &c.    The  entire  body, 
the  tegumentary  skeleton  of  vvith  the  articulatcd  appendages,  is 

the  Crustacea  (after  Milne-Ed-  ,        ,      .  ^  .  P.  ^ 

wards).     D,  Dorsal   arc:  it    CnclOSCd     m     a     Strong  chltmOUS 

Sees*  T  vLntraf  a^c'^r]  "  shcll,"  or  cxoskeletou,  and  the 
Sternal  pieces ;  //  Episternai  ceplialothorax  is  covcred  by  a  great 
Sremities.'*  °^       ccphaHc  shieW  or  plate,  which  is 

termed  the  "  carapace." 
Each  segment  of  the  body  may  be  regarded  as  essentially 
composed  of  a  convex  upper  plate,  termed  the  "tergum," 
which  is  closed  below  by  a  flatter  plate  called  the  "  sternum," 
the  line  where  the  two  unite  being  produced  downwards 
and  outwards,  into  a  plate,  which  is  called  the  "  pleuron,"  or 
pleura"  (fig.  123,  2). 

Strictly  speaking,  the  composition  of  the  typical  somite  is  considerably 
more  complex,  each  of  the  primary  arcs  of  the  somite  being  really  com- 
posed of  four  pieces.  The  tergal  arc  is  composed  of  two  central  pieces, 
one  on  each  side  of  the  middle  line  of  the  body,  united  together,  and  con- 
stituting the  "tergum"  proper.  The  superior  arc  is  completed  by  two 
lateral  pieces,  one  on  each  side  of  the  tergum,  which  are  termed  the 
"epimera."  In  like  manner  the  ventral  or  sternal  arc  is  composed  of  a 
central  plate,  composed  of  two  pieces  united  together  in  the  middle  line, 
and  constituting  the  "sternum"  proper;  the  arc  being  completed  by  two 
lateral  pieces,  termed  the  "  epistema."    These  plates  are  usually  more  or 
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less  completely  anchylosed  together,  and  the  true  structure  of  the  somite 
in  these  cases  is  often  shown  by  what  are  called  '«apodemata.  These 
are  septa  which  proceed  inwards  from  the  internal  surface  of  the  somite, 


d 
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Fig.  122. — The  common  Lobster  {Homams  vulgaris),  viewed  from  below,  a  The 
lesser  antennae ;  a'  The  greater  antennae ;  n  The  last  pair  of  foot-jaws ;  c  The 
great  claws,  or  first  pair  of  legs  ;  d  ef  g  The  last  four  pairs  of  walking  legs;  h 
i  i  k  I  m  The  six  pairs  of  abdominal  appendages,  the  last  five  being  "  swim- 
merets,"  and  the  last  of  all  being  greatly  expanded  ;  t  The  last  segment  of  the 
body,  without  appendages. 

penetrating  more  or  less  deeply  between  the  various  organs  enclosed  by 
the  ring,  and  always  proceeding  from  the  line  of  junction  of  the  different 
pieces  of  the  segment  (fig.  121). 
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It  must  be  borne  In  mind  that  though  the  so-called  "head"— that  is  to 
say,  the  "  cephalothorax  "—of  the  Lobster  is  produced  by  an  amalgama- 
tion of  the  various  somites  of  the  head  and  thorax,  this  is  not  the  case  with 
the  great  shield  which  covers  this  portion  of  the  body.  This  shield— the 
so-called  "cephalic  buckler,"  or  "carapace" — is  not  produced  by  the 
union  of  the  tergal  arcs  of  the  various  cephalic  and  thoracic  segments,  as 
would  at  first  sight  appear  to  be  the  case.  On  the  contrary,  the  "cara- 
pace "  in  the  higher  Crustacea  is  produced  by  an  enormous  development 
of  the  tergal  pieces,  or  of  the  "epimera"  of  one  or  two  of  the  cephalic 
segments  :  the  tergal  arcs  of  the  remaining  somites  being  overlapped  by 
the  carapace  and  remaining  undeveloped. 

Examining  the  somites  from  behind  forwards  (for  simpli- 
city's sake),  the  last  segment  comes  to  be  first  described.  This 
is  the  so-called  "  telson,"  which  forms  the  last  articulation  of 
the  abdomen,  and  never  bears  any  appendages.  For  this 
reason,  many  authorities  do  not  regard  it  as  a  somite,  properly 
speaking,  but  simply  as  an  azygous  appendage — that  is  to  say, 
as  an  appendage  without  a  fellow.  In  the  next  segment  (the 
last  but  one,  or  the  last,  of  the  abdomen,  according  to  the  view 
which  is  taken  of  the  "  telson  "),  there  is  a  pair  of  natatory  ap- 
pendages, called  "  swimmerets."  Each  swimmeret  (fig.  123,  2) 
consists  of  a  basal  joint,  which  articulates  with  the  sternum, 
and  is  called  the  "  protopodite "  or  propodite,  and  of  two 
diverging  joints,  which  are  attached  to  the  former;  the  outer 
of  these  being  called  the  "  exopodite,"  and  the  inner  the 
"  endopodite."  In  this  particular  segment,  the  exopodite  and 
the  endopodite  are  greatly  expanded,  so  as  to  form  powerful 
paddles,  and  the  exopodite  is  divided  into  two  by  a  transverse 
joint.  In  the  succeeding  somites  of  the  abdomen — with  the 
exception  of  the  first,  in  which  there  is  some  modification — 
the  appendages  are  in  the  form  of  swimmerets,  essentially  the 
same  as  those  attached  to  the  penultimate  segment,  and  differ- 
ing only  in  the  fact  that  the  exopodite  and  endopodite  are 
much  narrower,  and  the  former  is  undivided  (fig.  122).  The 
last  thoracic  somite — immediately  in  front  of  the  abdomen — 
carries  a  pair  of  the  walking  or  ambulatory  legs,  each  consisting 
of  a  short  basal  piece,  or  "  protopodite,"  and  of  a  long  jointed 
"  endopodite,"  the  "  exopodite  "  not  being  developed.  _  The 
next  thoracic  segment  carries  another  pair  of  ambulatory  limbs, 
quite  similar  to  the  last,  except  for  the  fact  that  the  protopo- 
dite bears  a  process  which  serves  to  keep  the  gills  apart,  and 
is  termed  the  "  epipodite."  The  succeeding  segment  supports 
a  pair  of  limbs  similar  to  the  last  in  all  respects,  except  that 
its  extremities,  instead  of  being  simply  pointed,  are  converted 
into  nipping  claws  or  "chelae."  The  next  segment  of  the 
thorax  carries  a  pair  of  chelate  limbs,  just  like  the  preceding; 
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and  the  next  is  furnished  with  appendages,  which  are  essen- 
tially the  same  in  structure,  but  are  much  larger,  constituting 
the  great  claws.    The  next  two  segments  of  the  thorax,  and 


Fig.  123.— Morphology  of  Lobster,  i.  Lobster,  with  all  the  appendages,  except  the 
terminal  swimmerets,  removed,  and  the  abdominal  somites  separated  from  one 
another :  ca  Carapace  ;  t  Telson.  2.  The  third  abdominal  somite  separated :  t 
Tergum ;  ^  Sternum ;  /  Pleuron  ;  a  Protopodite  ;  b  Exopodite  ;  c  Endopodite.  3. 
One'  of  the  last  pair  of  foot-jaws  or  maxillipedes :  a  Epipodite ;  Gill ;  the  other 
letters  as  before. 

the  segment  in  front  of  these  (by  some  looked  upon  as  belong- 
ing to  the  head,  by  others  as  referable  to  the  thorax),  bear 
each  a  pair  of  modified  limbs,  which  are  termed  "  maxillipedes," 
or  *'  foot-jaws."    These  are  simply  limbs  with  the  ordinary 
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Structure  of  protopodite,  exopodite,  endopodite,  and  epipodite, 
but  modified  to  serve  as  instruments  of  mastication,  the  hind- 
most pair  being  less  altered  than  the  two  anterior  pairs  (fig. 
123,  3),  The  next  two  somites  carry  appendages,  which  are 
in  the  form  of  jaws,  and  are  termed  respectively  the  first  and 
second  pairs  of  "maxillae."  Each  consists  of  the  parts  afore- 
mentioned, but  the  epipodite  of  the  first  pair  of  maxillae  is 
rudimentary,  whilst  that  of  the  second  pair  is  large,  and  is 
shaped  like  a  spoon.  It  is  termed  the  "  scaphognathite,"  and 
its  function  is  to  cause  a  current  of  water  to  traverse  the  gill- 
chamber  by  constantly  baling  water  out  of  it.  The  next  seg- 
ment carries  the  biting  jaws,  or  "  mandibles  ;  "  each  of  which 
consists  of  a  large  protopodite,  and  a  small  endopodite,  which 
is  termed  the  "palp,"  whilst  the  exopodite  is  undeveloped. 
The  aperture  of  the  mouth  is  situated  between  the  bases  of  the 
mandibles,  bounded  behind  by  a  forked  process,  called  the 
"labium,"  or  "metastoma,"  and  in  front  by  a  single  plate, 
called  the  "  labrum  "  (upper  lip).  The  next  segment  bears 
the  long  antennae,  or  feelers  (fig.  122,  a),  each  consisting  of  a 
short  protopodite,  and  long,  jointed,  and  segmented  endo- 
podite, with  a  very  rudimentary  exopodite.  In  front  of  the 
great  antennae  are  the  next  pair  of  appendages,  termed  the 
"  antennules,"  or  smaller  antennae  (fig.  122,  a),  each  composed 
of  a  protopodite,  and  a  segmented  endopodite  and  exopodite, 
which  are  nearly  of  equal  size.  Finally,  attached  to  the  first 
segment  of  the  head  are  the  eyes,  each  of  which  is  borne  upon 
an  eye-stalk  formed  by  the  protopodite.  The  gill-chamber  is 
formed  by  a  great  prolongation  downwards  of  the  pleura  of 
the  thoracic  segments,  and  the  gills  are  attached  to  the  bases 
of  the  legs. 

As  regards  the  digestive  system  of  the  Crustacea,  the  ali- 
mentary canal  is,  with  few  exceptions,  continued  straight  from 
the  mouth  to  the  aperture  of  the  anus.  There  are  no  salivary 
glands,  but  a  large  and  well-developed  liver  is  usually  present. 
A  heart  is  generally,  but  not  always,  present.  In  most  of  the 
lower  forms  it  is  a  long  vasiform  tube,  very  like  the  "  dorsal 
vessel "  of  Insects.  In  the  higher  Crustaceans,  the  course  of 
the  circulation  is  a  follows  (fig.  124) :— The  heart  is  a  muscular 
sac,  situated  dorsally,  beneath  the  carapace,  and  it  gives  origin 
to  six  arterial  trunks,  which  convey  the  aerated  blood  to  all 
parts  of  the  body.  The  minute  terminations  of  the  arteries 
open  into  a  series  of  irregular  venous  sinuses,  whence  it  is 
collected  into  a  principal  ventral  sinus,  and  distributed  to  the 
branchije,  where  it  undergoes  aeration.  From  the  gills  the  now 
aerated  blood  is  carried  by  a  series  of  branchial  vessels  to  a 
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large  sac,  which  is  badly  termed  the  "  pericardium,"  and  which 
envelops  and  surrounds  the  heart    The  arterial  blood  gains 


a   b       p      h  b  a 


Fig.  124. — Diagram  of  the  circulation  of  the  Lobster.  The  systemic  arteries  are 
shaded  longitudinally,  the  veins  are  dotted,  and  the  branchial  vessels  are  black. 
h  Heart ;  a  a  Systemic  arteries ;  b  b  Branchial  vessels ;  c  c  Venous  sinuses ;  g  g 
Branchiae ;  /  Pericardium. 

access  to  the  cavity  of  the  heart  by  means  of  six  pairs  of 
valvular  fissures,  which  allow  of  the  ingress  of  the  blood,  but 
prevent  regurgitation.  A  portion  of  the  venous  blood,  how- 
ever, is  not  sent  to  the  branchise,  but  is  returned  directly, 
without  aeration,  to  the  pericardium  \  so  that  the  heart  finally 
distributes  to  the  body  a  mixture  of  venous  and  arterial  blood. 

Distinct  respiratory  and  circulatory  organs  may  be  altogether 
wanting;  but,  as  a  rule,  distinct  branchiae  are  present.  The 
exact  form  and  structure  of  the  gills  differ  in  different  cases, 
but  their  leading  modifications  will  be  alluded  to  in  treating  of 
the  different  orders. 

Tabular  View  of  the  Divisions  of  the  Crustacea. 

Sub-class  I.  Epizoa  {Haustellata). 

Order  i.  Ichthyophthira. 
II     2.  Rhizocephala. 

Sub-class  II.  CiRRIPEDIA. 

(  Balanidse. 

Order  3.  Thoracica.       \  Vermcidae. 

(  Lepadidae. 

II     4.  Abdommalia. 
II     5.  Apoda. 
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Sub-class  III.  Entomostraca. 

Order  6.  Ostracoda.  \  t    ■     r  ^ 

n         Copepoda,  I  i:^^-^^^^,  Lophyropoda. 

II  8.  Cladoccra.  \ 

II  9.  Phyllopoda.  \  Legion,  Branchiopoda. 

11  10.  Trilobita.  ) 

II  II.  Merosto77iata. 

Sub-class  IV.  Malacostraca. 

Division  a.  Edriophthalmata. 

Order  12.  Lamodipoda. 
II     13.  Amphipoda. 
II     14.  Isopoda. 

Division  b.  Podophthalmata. 

Order  15.  Stoniapoda. 
II     16.  Decapoda. 

Tribe  a.  Macrura. 
II  b.  Anomura. 
II    c.  Brachyura. 


CHAPTER  XXXII. 

EPIZOA  AND  CIRRIPEDIA. 

Sub-class  I.  Epizoa  {Haustellata). — The  members  of  this  sub- 
class of  the  Crustacea  are  in  the  adult  state  parasitic  upon  the 
bodies  of  fishes,  and  are  usually  deformed ;  but  in  the  young 
condition  they  are  locomotive,  and  are  furnished  with  antennse 
and  eyes.  The  mouth  is  suctorial,  and  the  limbs  are  terminated 
by  suckers,  hooks,  or  bristles.  There  are  no  differentiated 
respiratory  organs,  but  respiration  is  performed  by  the  surface 
of  the  body.  The  males  are  rudimentary,  and  are  much  smaller 
than  the  females,  which  are  usually  furnished  with  external 
ovisacs.  The  Epizoa  are  closely  allied  to  the  Copepoda,  and 
may,  indeed,  be  regarded  as  parasitic  Copepods,  having  the 
mouth  modified  so  as  to  form  a  suctorial  tube  or  beak,  result- 
ing from  the  elongation  of  the  labmm  and  labium.  Within 
this  are  two  stylets  or  lancet  -  shaped  mandibles,  used  in 
piercing.  The  feet  are  often  deformed  by  age,  or  wanting, 
but  are  primitively  natatory.  Not  only  does  their  develop- 
mental history  bear  out  this  view,  but  cases  are  known  (in 
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some  LerncecB)  in  which  the  males  do  not  undergo  retrograde 
metamorphosis,  but  remain  permanently  in  the  condition  of 
free  Copepods. 

This  division  includes  the  single  order  Ichthyophihira,  the 
characters  of  which  are  therefore  the  same  as  those  of  the  sub- 
class, comprising  various  parasites  upon  fishes  belonging  to  the 
genera  LerncBa,  Achtheres,  Peniculus,  &c. 

Order  I.  Ichthyophthira. — Adiclt parasitic,  defoj-med,  oftm 
with  ruditne?itary  limbs ;  mouth  suctorial;  respiratory  organs 
wautijig ;  females  with  external  ovisacs.  Larvce  locomotive,  and 
tindergoi?ig  retrograde  metamorphosis. 

i|  ^   The  members  of  this  order  are  attached  in  the  adult  con- 
dition to  the  skin,  eyes,  or  gills  of  fishes,  and  when  mature 
possess  an  elongated  body,  having  a  more  or  less  distinct 
.,  head,  and  in  the  females  usually  a  pair  of  long,  cylindrical 

^  ovisacs,  depending  from  the  extremity  of  the  abdomen.  Some 
adhere  by  a  suctorial  mouth,  or  by  cephalic  processes  ( Cepha- 
hmd) ;  others  are  attached  by  a  suctorial  disc,  developed  at 
the  extremities  of  the  last  pair  of  thoracic  limbs,  which  are 
united  together  [Brachitma) ;  whilst  in  others  ( Onchima) 
attachment  is  effected  by  hooks  at  the  free  extremities  of  the 
first  pair  of  thoracic  limbs  (Owen). 


Fig.  125.— Ichthyophthira.    a  Free-swimming  larva  of  Achtheres percaruvt  in  its  first 
stage ;  b  Adult  male  of  the  same.    Enlarged.    (After  Owen.) 

The  males  are  usually  not  attached,  but  adhere  to  the  fe- 
males, of  which,  from  their  much  smaller  size,  they  appear  to 
be  mere  parasites.  The  chief  anatomical  peculiarities  of  the 
female  are  the  following  : — The  head  is  provided  usually  with  a 
pair  of  jointed  antennje,  and  the  body  is  divided  into  a  cepha- 
lothorax  and  abdomen.  The  alimentary  canal  consists  of  a 
mouth,  gullet,  and  intestine,  terminating  posteriorly  in  a  distinct 
anus.    The  nervous  system  consists  of  a  double  ventral  cord. 

The  embyro  (fig.  125,  a)  is  free-swimming,  and  is  provided 
with  visual  organs  and  locomotive  appendages.  The  two 
sexes  are  now  alike,  and  the  conversion  of  the  active  embryo, 
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or  larva,  into  the  swollen  and  deformed  adult,  must  be  regarded 
as  an  mstance  of  ''retrograde  metamorphosis."  In  Achtheres 
percarum  (fig.  125),  the  primitive  form  of  the  young  is  a 
Nauphus;"*  but  a  wholly  different  larva,  resembling  the 
Cyclops  m  shape,  but  with  fewer  limbs  and  somites,  is  pre- 
pared withm  the  Nauplius-skin,  and  is  liberated  by  the  rupture 
of  the  same. 

Order  II.  Rhizocephala.  — ^^z^Zf  parasitic,  attached  by 
ramified  roots  {antenncz  ?).  Body  sac- like,  unarticiilated,  with- 
out hmbs.    No  mouth.    Larva  a  locomotive  "  naupliusP 

The  Rhizocephala  constitute  a  peculiar  group  of  Crustaceans, 
the  adults  of  which  are  found  attached  parasitically  to  the 
abdomen  of  Crabs  and  Hermit-crabs.    The  body  (fig.  126,  B) 


Fig.  126.— Morphology  of  Rhizocephala.  A,  First  larval  form  Sacailma purpurea, 
greatly  enlarged.  B,  Youn|^  of  Peltogaster  socialis  attached  to  the  abdomen  of  a 
Hermit-crab  ;  at  a  the  root-like  processes  of  attachment  of  one  individual  are  shown. 
C,  Body  of  Sacculitia  carcini,  of  the  natural  size,  the  roots  of  attachment  not 
shown.    (A  and  B  are  after  Fritz  Miiller.) 


is  sac-like,  and  non- segmented,  and  consists  of  a  muscular 
mantle  in  which  no  skeletal  structures  are  developed,  its  only 
aperture  being  reproductive  and  closed  by  a  sphincter.  There 
are  no  limbs,  sense-organs,  or  alimentary  canal,  but  there  are 
well-developed  reproductive  organs.     The  sac-like  body  is 
kept  in  connection  with  its  host  by  means  of  branched,  root- 
like processes  of  attachment  (fig.  126,  B),  which  sink  deeply 
into  the  tissues  of  the  latter.     These  processes  appear  to 
correspond  with  the  "  cement-ducts  "  of  the  Cirripedes,  and 
to  be,  therefore,  really  the  homologues  of  the  antennfe.  By 
their  means,  the  parasite  draws  nutriment  from  its  host ;  and 
as  similar  hollow  nutritive  processes  are  developed  on  the 

*  The  name  of  "Nauplius  "  was  given  by  O.  F.  Miiller  to  the  unseg- 
mented  ovate  larva  of  the  lower  Crustacea,  with  a  median  frontal  eye,  but 
without  a  true  carapace  ;  and  this  name  may  be  conveniently  employed  to 
designate  all  the  larval  forms  which  agree  in  these  characters. 
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peduncle  "  of  certain  Barnacles  {Anelasma  squalicola),  there 
.  are  grounds  for  accepting  Kossmanns's  view  that  the  Rhizoce- 
phala  are  really  to  be  regarded  as  a  degraded  group  of  the 
Cirripedia. 

The  embryos  of  the  Rhizocephala  (fig.  126,  A)  are  at  first 
"  naupliiform,"  with  an  ovate  unsegraented  body,  an  unpaired 
median  eye,  and  a  dorsal  shield  or  carapace.  The  abdomen 
terminates  in  a  movable  caudal  fork,  and  there  is  neither 
mouth  nor  alimentary  canal.  In  their  second  stage  (as  so- 
called  "  pupae  "),  the  young  of  the  Rhizocephala  are  enclosed 
in  a  bivalve  shell,  the  foremost  pair  of  limbs  constitute  pecu- 
liar organs  of  adhesion  ("  prehensile  antennae  "  of  Darwin),  the 
two  following  pairs  of  limbs  are  cast  off,  and  six  pairs  of 
powerful  biramose  natatory  feet  are  formed  on  the  abdomen. 
There  is  still  no  mouth.  The  "  pupae  "  now  attach  themselves 
to  the  abdomen  of  Crabs,  Porcellana,  and  Hermit-crabs ;  they 
remain  astomatous ;  "  they  lose  all  their  limbs  completely,  and 
appear  as  sausage-like,  sack-shaped,  or  discoidal  excrescences 
of  their  host,  filled  with  ova ;  from  the  point  of  attachment 
closed  tubes,  ramified  like  roots,  sink  into  the  interior  of  the 
host,  twisting  round  its  intestine,  or  becoming  diffused  amongst 
the  sack-like  tubes  of  its  liver.  The  only  manifestations  of 
life  which  persist  in  these  non  plus  ultras  in  the  series  of  retro- 
gressively  metamorphosed  Crustacea  are  powerful  contractions 
of  the  roots,  and  an  alternate  expansion  and  contraction  of  the 
body,  in  consequence  of  which  water  flows  into  the  brood- 
cavity,  and  is  again  expelled  through  a  wide  orifice."  (Fritz 
Miiller). 

Sub-class  II.  Cirripedia. — Adult  attached,  enclosed  m  an 
integufficfitary  sac,  within  which  a  many-valved  shell  is  typically 
developed.  Antennce  modified  for  adhesio7i.  Abdomen  rudimen- 
tary. Limbs  usually  present,  ifi  the  form  of  multiarticulate  cirri. 
Sexes  generally  united.     Young  locomotive. 

This  sub-class  includes,  amongst  others,  the  common  Acorn- 
shells  and  the  Barnacles  or  Goose-mussels.  All  the  Cirripedia 
are  distinguished  by  the  fact,  that  in  the  adult  condition  they 
are  permanently  fixed  to  some  solid  object  by  the  anterior 
extremity  of  the  greatly  metamorphosed  head ;  the  first  three 
cephalic  segments  being  much  developed,  and  enclosing  the 
rest  of  the  body.  The  larva  is  free  and  locomotive,  and  the 
subsequent  attachment,  and  conversion  into  the  fixed  adult,  is 
effected  by  means  of  a  peculiar  secretion,  or  cement,  which  is 
discharged  through  the  antennae  of  the  larva,  and  is  produced 
by  a  special  cement-gland,  which  is  really  a  portion  of  the  ovary. 
In  the  Cirripedia,  therefore,  the  head  of  the  adult  is  per- 
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manently  fixed  to  some  solid  object,  and  the  visceral  cavity  is 
protected  by  an  articulated  calcareous  shell,  or  by  a  coriaceous 
envelope.  The  posterior  extremity  of  the  animal  is  free,  and 
can  be  protruded  at  will  through  the  orifice  of  the  shell.  This 
extremity  consists  of  the  abdomen,  and  of  six  pairs  of  forked, 
ciliated  limbs,  which  are  attached  to  the  thorax,  and  serve  to 
provide  the  animal  with  food.  The  two  more  important  types 
of  the  Cirripedia  are  the  Acorn -shells  {Balanida)  and  the 


a  b 


Fig.  127. — Morphology  of  Cirripedia.  A,  Lefias pectinata,  one  of  the  Barnacles,  one 
side  of  the  shell  being  removed,  enlarged  four  times  ;  c  Peduncle  ;  d  Cement-duct ; 
<?_  Ovary ;  j  Ovisac  ;  v  Vas  deferens  ;  /  Penis.  B,  Pcecilasma  Jissa,  enlarged  five 
times  ;  c  Peduncle.  C,  Balaims  balanoides,  viewed  from  above,  of  the  natural  size. 
D,  Balanns  tintinnabulutn,  with  the  shell  on  one  side  removed  to  show  the  ani- 
mal ;  a  One  of  the  valves  ("  scutum  ")  of  the  operculum  ;  b  Another  valve  ("  tergum") 
of  the  operculum.    (After  Darwin  and  Pagenstecher.) 

Barnacles  {Lepadidcz).    In  the  former  the  animal  is  sessile,  the 
larval  antennae,  through  which  the  cement  exudes,  being  im- 
bedded in  the  centre  of  the  membranous  or  calcareous  "  basis  " 
of  the  shell.    In  the  latter  the  animal  is  stalked,  and  consists 
of  a  "peduncle"  and  a  "capitulum."    The  peduncle  consists? 
of  the  anterior  extremity  of  the  body,  with  the  larval  antennae,:, 
usually  cemented  to  some  foreign  body.    The  capitulum  is- 
supported  upon  the  peduncle,  and  consists  of  a  case  composed 
of  several  calcareous  plates,  united  by  a  membrane,  enclosing 
the  remainder  of  the  animal. 

As  regards  the  development  of  the  Cirripedia,  the  larva  is 
at  first  a  "  Nauplius,"  with  an  unsegmented  pyriform  body,  a 
median  eye,  and  a  dorsal  shield  or  buckler.  The  abdomen  is 
produced  beneath  the  anus  into  a  long  forked  caudal  appen- 
dage, and  there  is  a  long  spine  over  the  anus.  A  mouth,  intes- 
tine, 9,nd  vent  are  present.    After  several  moults  the  young 
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Nauplii  become  "  pup^e  "  (fig.  128).  The  dorsal  shield  is  folded 
so  as  to  form  a  bivalve  shell ;  the  anterior  limbs  (antennae) 


Fig.  128.— Locomotive  "pupa"  of  Balanus.    a  Eye  ;  b  Caudal  bristles  ; 
c  Setigerous  limbs. 

, are  transformed  into  prehensile  organs;  the  two  following 
pairs  of  limbs  are  cast  off ;  and  six  pair  of  strong,  biraniose, 
natatory  feet  are  developed  upon  the  abdomen.  A  pair  of 
:omposite  eyes  are  present,  but  there  is  no  mouth.  Finally, 
the  pupae  fix  themselves  by  the  prehensile  antennae  to  rocks, 
drift-woods,  ships,  Sponges,  Cetaceans,  Turtles,  Crustaceans, 
or  even  Jelly-fish.  The  prehensile  antennae  are  glued  down 
permanently  by  the  secretion  of  a  peculiar  cement-gland.  The 
carapace  becomes,  as  a  rule,  the  seat  of  definite  calcifications, 
by  which  it  is  converted  into  a  multivalve  calcareous  '*  test ; " 
the  mouth  is  developed,  and  the  six  pairs  of  natatory  feet  are 
converted  into  long  jointed  "  cirri,"  by  which  food  is  conveyed 
to  the  mouth.  "  The  '  cement-ducts '  can  be  traced  as  far  as 
the  third  or  '  disc-segment '  of  the  antennae.  There  the  cement 
seems  to  transude  and  fasten  down  the  disc ;  soon  both  an- 
tennae are  surrounded  by  a  common  border  of  cement,  which 
gradually  increases  in  extent  after  the  metamorphosis.  In  the 
Lepas  fascicularis  the  cement  is  poured  forth  in  sufficient 
quantities  to  form,  itself,  the  substance  to  which  the  peduncle 
of  the  adult  barnacle  adheres,  and  for  a  cluster  of  which  bar- 
nacles it  constitutes  a  central  vesicular  float "  (Owen).  The 
cement-gland,  as  shown  by  Darwin,  is  "  part  of,  and  continu- 
ous with,  the  branching  ovaria,"  and  the  cement-ducts  open 
through  the  prehensile  antennas. 

The  form  of  the  adult,  as  already  said,  differs  consider- 
ably, but  the  two  most  important  types  are  those  presented 
espectively  by  the  Sessile  and  by  the  Pedunculated  Cirri- 
edia. 

In  the  symmetrical  Sessile  Cirripedes  ox  Balanidce,  commonly 
nown  as  Acorn-shells  (figs.  127,  C,  D,  and  129,  a\  the  animal 
s  protected  by  a  calcareous  shell,  formed  by  calcifications 
ithin  the  walls  of  the  first  three  cephalic  segments.  The 
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animal  is  placed  within  the  shell,  head  downwards,  and  is  fixed 
to  the  centre  of  a  shelly  or  membranous  plate,  which  closes 


a 


Fig.  129. — Morphology  of  Cirripedia.    «  Sessile  Cirripede  or  Balanoid,  Balanus  siilcciUis; 
b  Pedunculate  Cirripede  or  Lepadoid,  Lepas  anatifera. 

the  lower  aperture  of  the  shell,  and  which  is  termed  the 
"  basis."  The  "  basis  "  is  fixed  by  its  outer  surface  to  some 
foreign  object,  and  is  sometimes  compact,  sometimes  porous. 
Above  the  basis  rises  a  limpet-shaped,  conical,  or  cylindrical 
shell,  which  is  open  at  the  top,  but  is  capable  of  being  com- 
pletely closed  by  a  pyramidal  lid  or  "  operculum."  Both  the 
shell  itself  and  the  operculum  are  composed  of  calcareous 
plates  usually  differing  from  one  another  in  shape,  and  dis- 
tinguished by  special  names.  Within  the  shell  the  animal  is 
fixed,  head  downwards.  The  thoracic  segments,  six  in  num- 
ber, bear  six  pairs  of  limbs,  each  of  which  consists  of  a  jointed 
protopodite  and  a  much  segmented  exopodite  and  endopodite, 
both  of  which  are  cihated,  and  constitute  the  so-called  "  cirri," 
from  which  the  name  of  the  sub-class  is  derived.  These 
twenty-four  cirri — "  the  glass  hand  "  of  the  Balanus — are  in  in- 
cessant action,  being  protruded  from  the  opening  of  the  shell, 
and  again  retracted  within  it,  constantly  producing  currents  of 
water,  and  thus  bringing  food  to  the  animal.  There  are  no 
specialised  respiratory  organs  in  the  family  of  the  Balanida. 
Balani  sometimes  attain  a  very  considerable  size,  and  Balanus 
psittacus  is  largely  eaten  on  the  coast  of  Chili. 

The  remaining  family  of  the  Sessile  Cirripedes  is  that  of  the 
VerriicidcB,  comprising  only  the  single  genus  Verruca.  In  many 
respects  the  Verrucidce  approach  the  Balatiidce,  but  the  shell  is 
composed  of  six  valves  only,  and  is  unsymmetrical,  whilst  the 
scuta  and  terga  (forming  the  operculum),  though  movable,  are 
not  furnished  with  a  depressor  muscle. 

In  the  Barnacles  {Lepadidce,  figs.  127,  A,  B,  and  129,  /')  the 
anterior  extremity  of  the  animal  is  enormously  elongated,  form- 
ing with  the  prehensile  antennse,  the  cement-ducts,  and  their 


ANNULOSA:  CRUSTACEA. 


exudation,  a  long  stalk  or  peduncle,  whereby  the  animal  is 
attached  to  some  sohd  object.  The  peduncle  is  cylindrical, 
of  varying  length,  flexible,  and  furnished  with  proper  muscles. 
In  some  species  it  is  naked,  but  in  others  it  is  furnished  with 
calcareous  scales.  At  its  free  extremity  the  peduncle  bears 
the  "  capitulum,"  which  corresponds  to  the  shell  of  the  Bal- 
anoids,  and  is  composed  of  various  calcareous  plates,  united 
together  by  a  membrane,  moved  upon  one  another  by  appro- 
priate muscles,  and  protecting  in  their  interior  the  body  of  the 
animal  with  its  appendages.  The  thorax  and  limbs  resemble 
those  of  the  Balanus ;  but  "slender  appendages,  which  from 
their  position  and  connections  are  homologous  with  the 
branchiae  of  the  higher  Crustacea,  are  attached  to,  or  near  to, 
the  bases  of  a  greater  or  less  number  of  the  thoracic  feet,  and 
extend  in  an  opposite  direction  outside  the  visceral  sac " 
(Owen). 

All  the  Balanicl(Z  are  hermaphrodite,  and  this  is  also  the 
case  with  most  of  the  LepadidcB,  but  some  extraordinary 
exceptions  occur  in  this  latter  order.  Thus,  in  some  species 
ot  Scalpellum  the  individual  forming  the  ordinary  shell  is 
female,  and  each  female  has  two  males  lodged  in  transverse 
depressions  within  the  shell.  These  males  "  are  very  singular 
bodies ;  they  are  sac-formed,  with  four  bead-like  rudimental 
valves  at  their  upper  ends  j  they  have  a  conspicuous  internal 
eye ;  they  are  absolutely  destitute  of  a  mouth,  or  stomach,  or 
anus ;  the  cirri  are  rudimental  and  furnished  with  straight 
spines,  serving  apparently  to  protect  the  entrance  of  the  sac ; 
the  whole  animal  is  attached  like  the  ordinary  Cirripede,  first 
by  the  prehensile  antennse,  and  afterwards  by  the  cementing 
substance.  The  whole  animal  may  be  said  to  consist  of  one 
great  sperm-receptacle,  charged  with  spermatozoa;  as  soon  as 
these  are  discharged,  the  animal  dies." 

"  A  far  more  singular  fact  remains  to  be  told ;  Scalpellum 
vulgare  is,  like  ordinary  Cirripedes,  hermaphrodite,  but  the 
male  organs  are  somewhat  less  developed  than  is  usual ;  and, 
as  if  in  compensation,  several  short-lived  males  are  almost 
invariably  attached  to  the  occludent  margin  of  both  scuta. 
...  I  have  called  these  beings  complemcntal  males,  to  signify 
that  they  are  complemental  to  an  hermaphrodite,  and  that 
they  do  not  pair  like  ordinary  males  with  simple  females" 
(Darwin). 

Divisions  of  Cirripedia. — (After  Darwin.) 
Order  I.  Thoracica. 
Carapace,  either  a  capitulum  on  a  pedicle,  or  an  operculated  shell  with 
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a  basis.  Body,  formed  of  six  thoracic  segments,  generally  furnished  with 
six  pairs  of  limbs  ;  abdomen  rudimentary,  but  often  bearing  caudal  appen- 
dages. 

Fam.  I.  Balanidce. 

Sessile,  without  a  peduncle ;  scuta  and  terga  (forming  the  operadum) 
provided  with  depressor  muscles ;  the  rest  of  the  valves  immovably 
united  together. 
Fdtn.  2.  Verriicidce. 

Sessile.    Shell  asymmetrical,  with  scuta  and  terga,  which  are  mov« 
able,  but  not  furnished  with  a  depressor  muscle. 
Fa}}i.  3.  Lepadida. 

Pedunculated.  Peduncle  flexible,  provided  with  muscles.  Scuta 
and  terga,  when  present,  not  furnished  with  a  depressor  muscle. 
Other  valves,  when  present,  not  united  into  a  single  immovable 
case. 

Order  IL  Abdominalia.  i 
Carapace,  flask-shaped ;  body  formed  of  one  cephalic,  seven  thoracic, 

and  three  abdominal  segments,  the  latter  bearing  three  pairs  of  cirri,  but 

the  thoracic  segments  being  without  limbs. 
Genus.  Cryptophialus, 

Order  III.  Apoda. 

Carapace,  reduced  to  two  separate  threads  serving  for  attachment. 
Body  consisting  of  one  cephalic,  seven  thoracic,  and  three  abdominal  seg- 
ments, all  destitute  of  cirri.    Mouth  suctorial. 

Genus,  Proteolepas. 


CHAPTER  XXXIII. 

SUB-CLASS  ENTOMOSTRACA. 

Sub-class  III.  Entomostraca  {Gnathopoda,  Woodward).— 
The  term  Entomostraca  has  been  variously  employed,  and  few 
authorities  include  exactly  the  same  groups  of  the  Crustacea 
under  this  name.  By  most  the  division  is  simply  defined  as 
including  all  those  Crustacea  in  which  the  segments  of  the 
thorax  and  abdomen,  taken  together,  are  more  or  fewer  than 
fourteen  in  number— the  parasitic  Epizoa  and  the  Cirripedia 
being  excluded.  By  Professor  Rupert  Jones  the  following  de- 
finition of  the  Eniojnostraca  has  been  given  : — 

"  Animal  aquatic,  covered  with  a  shell  or  carapace,  of  a 
horny  consistency,  formed  of  one  or  more  pieces,  in  some 
genera  resembling  a  cuirass  or  buckler,  and  in  others  a  bivalve 
shell,  which  completely  or  in  great  part  envelops  the  body  and 
limbs  of  the  animal.    In  other  genera  the  animal  is  mvested 
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tvith  a  multivalve  carapace,  like  jointed  plate-armour ;  the 
branchis  are  attached  either  to  the  feet  or  to  the  organs  of 
mastication ;  the  limbs  are  jointed,  and  more  or  less  setiferous. 
The  animals,  for  the  most  part,  undergo  a  regular  moulting  or 
change  of  shell,  as  they  grow ;  in  some  cases  this  amounts  to 
a  species  of  transformation." 

The  Entomostraca  are  divided  into  two  great  divisions,  or 
"  legions,"  the  Lophyropoda  and  the  Branchiopoda,  with  which 
the  order  Merostomata  may  be  conveniently  considered. 

Division  A.  Lophyropoda. — The  members  of  this  division 
possess  few  branchiae,  and  these  are  attached  to  the  appen- 
dages of  the  mouth.  The  feet  are  few  in  number,  and  mainly 
subserve  locomotion ;  the  carapace  is  in  the  form  either  of 
a  shield  protecting  the  cephalothorax,  or  of  a  bivalve  shell 
enclosing  the  entire  body.  The  mouth  is  not  suctorial,  but  is 
furnished  with  organs  of  mastication. 

This  division  comprises  the  two  orders  Ostracoda  and 
Copepoda. 

Order  I.  Ostracoda. — Small  Crustaceans  having  the  entire 
body  enclosed  in  a  shell  or  carapace,  which  is  composed  of  two 
valves  united  along  the  back  by  a  membrafie.  The  branchice 
are  attached  to  the  posterior  jaws,  and  there  are  only  two  or  three 
pairs  of  feet,  which  subserve  locojnotion,  but  are  not  adapted  for 
swimmitig,  A  distinct  heart  is  sometimes  present  {Cypridina), 
but  is  more  usually  wanting  [Cypris  and  Cythere). 

Little  is  known  of  the  development  of  the  Ostracoda,  but  the  young  of 
Cypris  are  said  to  be  "shell-bearing  Nauplius  forms"  (Claus),  possessing 
only  the  three  anterior  pairs  of  limbs,  but  protected  by  a  bivalve  shell.  As 
in  other  Nauplii,  the  third  pair  of  limbs,  though  now^  locomotive,  are  ulti- 
mately transformed  into  the  mandibles.  They  pass  through  several  stages, 
with  complete  moults,  before  arriving  at  sexual  maturity.  The  young  of 
Cythere,  on  the  other  hand,  have  at  birth  the  two  pairs  of  antennae  and  two 
pairs  of  jaws,  with  three  pairs  of  rudimentary  abdominal  limbs. 

•  The  order  includes  the  Cyprides  (fig.  130,  a),  which  are  of 
almost  universal  occurrence  in  fresh  water.  The  common 
Cypris  is  completely  protected  from  its  enemies  by  a  bivalve 
carapace,  which  it  can  open  and  shut  at  will,  and  out  of  which 
it  can  protrude  its  feet.  The  closure  of  the  carapace  is  effected 
by  means  of  an  adductor  muscle.  Locomotion  is  mainly 
effected  by  means  of  a  pair  of  caudal  appendages.  The  Cypris 
is  extremely  prolific,  and  a  single  impregnation  appears  to  last 
the  female  for  its  entire  lifetime.  Young  females,  produced  in 
this  way,  are  also  capable  for  some  generations  of  producing 
fresh  individuals  without  the  influence  of  a  male  (partheno- 
genesis). 
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Order  II.  Cov^vot> a.— Small  Crustaceans,  having  the  head 
arid  thorax  covered  by  a  carapace,  and  furnished  with  five  pairs 
of  natatory  feet.  Usually  there  are  two  caudal  locomotive  ap- 
pendages. A  distinct  heart  is  sometimes  absent  (as  in  the  Cyclo- 
pidcB),  but  is  sometimes  present.  Both  marine  and  fresh-water 
Copepods  are  known. 

The  larv^  of  the  Copepods  are  Naupliiform,  with  unpaired 
eyes,  three  pairs  of  Hmbs  (the  future  antennae  and  mandibles), 
and  two  terminal  setas.  Next  the  maxillae  are  produced,  and 
then  three  other  pairs  of  limbs  (the  foot-jaws  and  the  two  front 
pairs  of  natatory  feet).  At  the  next  moult,  the  larva  assumes 
the  Cyclops  form,  but  has  at  first  much  fewer  limbs  and  somites. 

In  the  Cyclops  (fig.  130,  c),  which  is  one  of  the  commonest 


Fig.  130. — Fresh-water  Entomostraca.    a  Cypris  tris-striata  ;  b  Daphnia 
pidex  ;  c  Cyclops  guadricornis. 


of  the  ''Water-fleas,"  the  cephalothorax  is  protected  superiorly 
by  a  carapace,  and  the  abdominal  somites  are  conspicuous. 
In  front  of  the  head  is  situated  a  single  large  eye,  behind  which 
are  the  great  antennae  and  the  antennules.  The  feet  are  five 
pairs  in  number,  each  consisting  of  a  protopodite  and  a  seg- 
mented exopodite  and  endopodite,  usually  furnished  with  hairs, 
and  forming  an  efficient  swimming  apparatus.  The  young 
pass  through  a  metamorphosis,  and  are  not  capable  of  repro- 
ducing the  species  until  after  the  third  moult  or  change  of 
skin.  The  female  Cyclops  carries  externally  two  ovisacs,  in 
which  the  ova  remain  till  they  are  hatched.  A  single  congress 
with  the  male  is  apparently  sufficient  to  fertilise  the  female  for 
life. 

The  Copepoda,  or  Oar-footed  Crustaceans,  are  all  of  small 
size,  and  are  of  common  occurrence  in  fresh  water  in  all  parts 
of  Europe.    Many  forms  also  live  in  the  sea,  sometimes  in 
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immense  numbers.  Thus  Cetochilus  is  so  abundant  in  the 
North  and  South  Atlantic,  as  to  communicate  a  ruddy  tinge 
to  the  ocean,  and  to  serve  as  one  of  the  principal  articles  of 
diet  of  the  whale.  By  good  authorities  the  Ichthyophthira  are 
regarded  as  merely  Copepoda  peculiarly  modified  to  suit  a  life 
of  parasitism. 

Division  B.  Branchiopoda. — The  Crustaceans  included  in 
this  division  have  many  branchiae,  and  these  are  attached  to 
the  legs,  which  are  often  numerous,  and  are  formed  for  swim- 
ming. In  other  cases  the  legs  themselves  are  flattened  out  so 
as  to  form  branchiae.  The  body  is  either  naked,  or  is  protected 
by  a  carapace,  which  may  enclose  either  the  entire  body,  or  the 
head  and  thorax  only.  The  mouth  is  provided  with  organs  of 
.mastication. 

The  Branchiopoda  comprise  the  Cladocera,  the  Phyllopoda, 
and  probably  the  Trilobita,  though  this  order  departs  in  many 
respects  from  the  above  definition.  The  Merostomata  may  be 
considered  along  with  these,  though  these,  too,  are  in  many 
respects  peculiar. 

Order  I.  Cladocera. — The  members  of  this  order  are 
small  Crustaceans,  which  have  a  distinct  head,  and  have  the 
whole  of  the  remainder  of  the  body  enclosed  within  a  bivalve 
carapace,  similar  to  that  of  the  Ostracoda.  The  feet  are  few  in 
number  [usually  four,  five,  or  six  pairs),  and  are  mostly  respir- 
atory, carrying  the  branchice.  Two  pairs  of  antennce.  are  present, 
the  larger  pair  being  of  large  size,  branched,  and  acting  as  nata- 
tory organs.  The  Cladocera  quit  the  egg  with  the  full  number 
of  limbs  proper  to  the  adult. 

In  the  Daphnia  pulex  (fig.  130,  b),  or  "  branch ed-horned 
Water-flea,"  which  occurs  commonly  in  our  ponds,  the  body 
is  enclosed  in  a  bivalve  shell,  which  is  not  furnished  with  a 
hinge  posteriorly,  and  which  opens  anteriorly  for  the  protrusion 
of  the  feet.    The  head  is  distinct,  not  enclosed  in  the  cara- 
pace, and  carrying  a  single  eye.    The  mouth  is  situated  on 
'  the  under  surface  of  the  head,  and  is  provided  with  two  man- 
Idibles  and  a  pair  of  maxillae.    The  gills  are  in  the  form  of 
•■■  plates,  attached  to  the  five  pairs  of  thoracic  legs.    The  males 
•  are  very  few  in  number,  compared  with  the  females,  and  a 
:  single  congress  is  all  that  is  required  to  fertilise  the  female  for 
life.    Not  only  is  this  the  case,  but  the  young  females  pro- 
duced from  the  original  fecundated  female  are  able  to  bring 
forth  young  without  having  access  to  a  male.    Two  kinds  of 
eggs  occur  in  Daphnia.    In  the  first  of  these,  or  "  summer 
eggs,"  the  ova  (from  ten  to  fifty  in  number)  are  deposited  in 
an  open  space  between  the  valves,  and  are  retained  there  until 
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the  young  are  ready  to  be  hatched.  In  the  second  of  these 
or  "  winter  eggs,"  which  alone  are  fecundated,  the  ova  (gener- 
ally two  in  number)  are  placed  in  a  peculiar  receptacle,  which 
IS  formed  on  the  back  of  the  carapace,  and  is  called  the  "ephip- 
pmm  "  or  saddle.  After  a  time  the  ephippium  is  cast  off,  and 
floats  about  till  spring,  when  its  contained  eggs  are  hatched  by 
the  warmer  temperature  of  the  water. 

Order  II.  F hyllopod a.— Crusfacea,  mostly  of  small  size, 
the  carapace  protecting  the  head  and  thorax,  or  the  body  entirely 
naked.  Feet  numerous,  never  less  than  eight  pairs,  mostly  foli- 
aceous  or  leaf-like,  branchial  in  function.  The  eyes  so7netimes  con- 
fluent, sometimes  distinct  and  sub-pedunculate.  There  are  two 
horny  mandibles  without  palps,  and  the  first  pair  of  feet  are 
oar-like,  with  setiform  terminal  appendages.  The  remaining 
feet  are  branchial,  and  adapted  for  swimming.  The  Phyllo- 
pods  undergo  a  metamorphosis,  the  youngest  forms  being 


Fig.  131.— Phyllopoda.    Fairy  Shrimp  {Chtrocephnlus,  or  Branchipus,  diaj>kanits)— 

after  Baird. 


*'Nauplii."  In  Nebalia  (fig.  132,  C),  however,  which  is  the 
only  marine  Phyllopod,  "  Zoea-stages  "  are  superadded  as  well. 

The  Phyllopoda  are  chiefly  interesting  from  their  affinity  to  the  extinct 
Trilobites.  In  the  typical  genera  Limnadia  and  Apus  the  body  is  pro- 
tected by  a  carapace,  which  is  bivalve  in  the  former  and  shield-like  in  the 
latter.  In  Limnadia  the  carapace  covers  the  greater  part  of  the  body,  and 
opens  along  the  ventral  margin.  There  are  from  eighteen  to  thirty  pairs 
of  membranaceous  and  respiratory  feet.  In  Apiis  the  carapace  is  clypei- 
form  and  covers  a  portion  of  the  abdomen ;  and  there  are  sixty  pairs  of  feet, 
of  vs'hich  all  but  the  first  pair  are  foliaceous.  Apus  is  gregarious,  fresh- 
water in  habit,  and  often  found  in  great  numbers  in  pools  and  ditches  in 
Europe.  The  different  species  of  Branchipus  (figs.  131  and  132,  D)  have 
the  transparent  body  unprotected  by  any  carapace,  and  are  found  in  ponds 
and  swamps  in  various  parts  of  the  world.  The  various  "Brine-shrimps  ' 
(Artemia)  are  found  inhabiting  the  brine-pans  in  salt-works,  or  occur  in 
salt-lakes  in  both  hemispheres,  being  especially  abundant  in  Great  Salt 
Lake  in  Utah. 

In  Estheria  (fig.  132,  G)  the  body  is  protected  by  a  bivalve,  sub-ovate 
carapace,  which  is  extremely  like  the  shell  of  a  Bivalve  Mollusc,  not  only 
in  shape  and  appearance,  but  also  in  having  the  valves  joined  at  their  be.iks 
dorsally,  and  marked  with  concentric  lines  of  growth.  The  species  live  m 
fresh  or  brackish  water.    In  Nebalia,  the  only  marine  type  of  the  order, 
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the  carapace  is  furnished  with  a  beak  or  "rostrum,"  and  the  eyes  are 
[  pedunculated.  Good  authorities  doubt  if  it  be  properly  referable  to  this 
I  order. 


Fig.  132.— Morphology  of  Phyllopoda.    A,  LepiduTiis  Angassi,  viewed  dorsally ;  B, 
Under  side  of  head  of  the  same  ;  C,  Nebalia  bifes,  one  side  of  the  carapace  being 
'      removed,  so  as  to  show  the  branchial  feet ;  D,  Bra?ichipzis  stagnalis,  female  ;  E  and 
F,  Young  stages  of  the  same  ;  G,  A  magnified  specimen  of  Estheria,  in  its  living 
state. 

:  Order  III.  Trilobita. — This  order  is  entirely  extinct,  none 
jof  its  members  having  survived  the  close  of  the  Palaeozoic 
period.  It  is  probable  that  the  Trilobites  should  be  placed 
near  the  Phyllopoda ;  but  their  exact  position  is  uncertain, 
as,  with  one  exception,  no  traces  of  any  appendages  of  any 
kind,  except  the  labrum,  have  hitherto  been  discovered  in  any 
Trilobite. 

The  body  of  a  Trilobite  (fig.  133)  was  covered  with  a  "  crust," 
or  exoskeleton,  which  shows  more  or  less  markedly  a  division 
into  three  longitudinal  lobes,  from  the  presence  of  which  the 
name  of  the  order  is  derived.  The  shell  is  composed  of  a 
cephalic  shield,  a  certain  number  of  free  and  movable  thoracic 
rings,  and  a  caudal  shield,  or  "pygidium,"  the  rings  of  which 
ire  more  or  less  completely  anchylosed.  On  the  under  surface 
of  the  body  nothing  has  hitherto  been  certainly  determined, 
except  the  "  hypostome,"  or  "  labrum,"  which  was  a  plate  placed 
in  front  of  the  mouth.  No  traces  of  branchise,  or  of  antennte, 
iiave  ever  been  discovered.  The  eyes,  when  present,  are  com- 
oound,  and  truly  sessile,  but  are  sometimes  supported  upon 
projecting  processes.  It  has  generally  been  supposed  that  the 
3ody  of  the  Trilobite  occupied  the  median  lobe  of  the  crust, 
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commencing  with  the  "glabella"  in  front,  and  terminating  with 
the  "  pygidium  "  behind,  whilst  the  axial  lobes  protected  a  series 


Fig.  133. — Morphology  of  Trilobites.  i.  Angelina  Sedgwickii.  2.  Diagram  of  the 
cephalic  shield  of  a  Trilobite  (after  Salter)  :  a  Glabella  ;  b  b  Free  cheeks,  bearing  the 
eyes  (fi  o)\  c  c  Fixed  cheek,  including  the  eye-lobe  {(£)•  e  e  Facial  suture. 

of  delicate  respiratory  feet ;  but  this  view  is  doubted  by  many 
authorities,  and  the  question  is  one  which  we  have  at  present 
no  means  of  deciding.  Quite  recently,  however,  a  specimen 
of  a  Trilobite  has  been  discovered  in  which  structures  supposed 
to  be  the  bases  of  the  legs  were  distinctly  recognisable.  Profes- 
sors Dana  and  Verrill,  however,  regard  these  so-called  legs  as 
being  "  the  semicalcified  arches  in  the  membrane  of  the  ven- 
tral surface,  to  which  the  fbliaceous  appendages  or  legs  were 
attached."  The  specimen  in  question  was  an  Asaphtis ;  but 
the  great  number  and  excellent  preservation  of  Trilobites,  as  a 
general  rule,  render  it  highly  probable  that  in  most  cases  the 
limbs  were  destitute  of  a  chitinous  exoskeleton,  and  were  there- 
fore incapable  of  being  preserved  in  a  fossil  state.  According 
to  Spence  Bate,  "  the  young  of  the  Trilobites  are  of  the  Nau- 
plius  form." 

The  cephalic  shield  of  a  typical  Trilobite  is  more  or  less  completely 
semicircular  (fig.  133,  2),  and  is  composed  of  a  central  and  of  two  lateral 
pieces,  of  which  the  two  latter  may,  or  may  not,  be  united  together  in 
front  of  the  former. 

The  median  portion  is  usually  elevated  above  the  remamder  of  the 
cephalic  shield,  and  is  called  the  "glabella;"  it  protected  the  region  of 
the  stomach,  and  is  usually  divided  into  from  three  to  four  lobes  by  lateral 
grooves.  At  each  side  of  the  glabella,  and  continuous  with  it,  is  a  small 
semicircular  area,  called  the  "fixed  cheek."  The  glabella,  with  the  "fixed 
cheeks,"  is  separated  from  the  lateral  portions  of  the  cephalic  shield- 
termed  the  "movable"  or  "free  cheeks"— by  a  peculiar  suture  or  line 
of  division,  which  is  known  as  the  "facial  suture,"  and  is  quite  unknown 
amongst  recent  Crustacea,  except  for  a  faint  indication  in  the  Lvnubis,  and 
more  or  less  doubtful  traces  in  certain  other  forms.  The  movable  cheeks 
bear  the  eyes,  which  are  generally  crescentic  or  reniform  in  shape,  are 
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rarely  pedunculated  (being  never  supported  upon  movable  foot  -  stalks), 
and  consist  of  an  aggregation  of  facets  covered  by  a  thin  cornea.  The 
facial  sutures  may  join  one  another  in  front  of  the  glabella — in  M^hicli  case 
the  free  cheeks  will  form  a  single  piece  ;  or  they  may  cut  the  anterior  mar- 
gin of  the  shield  separately — in  which  case  the  free  cheeks  will  be  discon- 
tinuous. The  posterior  angles  of  the  free  cheeks  are  often  produced  into 
long  spines. 

Behind  the  cephalic  shield  comes  the  thorax,  composed  of  a  variable 
number  of  segments,  which  are  not  soldered  together,  but  are  capable  of 
free  motion  upon  one  another,  so  as  to  allow  the  animal,  in  many  cases,  ta 
roll  itself  up  after  the  manner  of  a  wood-louse  or  hedgehog.  The  thorax 
is  usually  strongly  trilobed,  and  each  thorax-ring  shows  the  same  triloba- 
tion,  being  composed  of  a  central,  more  or  less  strongly  convex,  portion, 
called  the  "axis,"  and  of  two  flatter  side-lobes,  called  the  "pleurae." 

The  "pygidium,"  or  "tail,"  is  usually  trilobed  also,  and,  like  the 
thorax,  consists  of  a  median  axis  and  of  a  marginal  limb,  the  composition 
of  the  whole  out  of  anchylosed  segments  being  shown  by  the  existence  of 
axial  and  pleural  grooves. 

Order  IV.  Merostomata. — The  members  of  this  order 
are  Crustacea,  often  of  gigantic  size,  in  which  the  mouth  is 
furnished  with  mandibles  and  maxillae,  the  terminations  of 
which  become  walking  or  swimming  feet,  and  organs  of  pre- 
hension. 

This  order  comprises  the  recent  King-crabs,  and  the  extinct 
Pterygoti  and  Eurypteri. 

Sub-order  i.  Xiphosura. — "  Crustacea  having  the  anterior 
segments  welded  together  to  form  a  broad  convex  buckler,  upo7i  the 
dorsal  surface  of  which  are  placed  the  compound  eyes  and  ocelli  ; 
the  former  sub-centrally,  the  latter  in  the  centre  in  front.  The 
moicth  is  furnished  with  a  small  labrum,  a  rudi??ientary  metas- 
toma  and  six  pairs  of  appendages.  Posterior  seg7nents  of  the  body 
more  or  less  free,  and  bearing  upon  their  ventral  surfaces  a  series 
of  broad  lamellar  appendages;  the  telson,  or  terminal  segment, 
ensiform  "  (Henry  Woodward). 

The  Xiphosura  include  no  other  recent  forms  than  the 
Li7nuli  (King-crabs,  or  Horse-shoe  Crabs).  They  are  dis- 
tinguished by  the  possession  of  six  pairs  of  chelate  limbs,  placed 
round  the  mouth,  having  their  bases  spinous,  and  officiating  as 
jaws.  The  anterior  portion  of  the  body  is  covered  by  a  broad 
horse-shoe-shaped  buckler  (fig.  134),  the  upper  surface  of 
which  bears  a  pair  of  larval  and  a  pair  of  compound  eyes. 
On  the  lower  surface  of  the  carapace  is  placed  the  aperture  of 
the  mouth,  surrounded  by  six  pairs  of  limbs,  the  bases  of 
which  are  spinous  and  officiate  as  jaws,  whilst  their  termina- 
tions are  converted  into  chelas  or  nipping-claws.  The  first 
pair  of  appendages  is  placed  in  front  of  the  mouth,  and  has 
been  generally  said  to  represent  the  antenna;  but  according 
to  Milne-Edwards  they  are  not  supplied  with  nerves  from  the 
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cerebral  ganglia,  and  therefore  cannot  be  of  this  nature.  Be- 
hind the  cephalic  buckler  comes  a  second  shield,  composed 


Fig.  134. — Xiphosura.  Limulus  fiolypJte- 
mus,  viewed  from  below.  c  The  ce- 
phalic shield  carrying  the  sessile  eyes 
upon  its  upper  surface;  o  "Opercu- 
lum," covering  the  reproductive  organs  ; 
b  Branchial  plates  ;  a  First  pair  of  an- 
tennse  (antennules)  ending  in  chelae. 
Below  these  is  the  aperture  of  the  mouth, 
surrounded  by  the  spiny  bases  of  the  re- 
maining five  pairs  of  appendages,  which 
are  regarded  by  Woodward  as  being  re- 
spectively, from  before  backwards,  the 
great  antennae,  the  mandibles,  the  first 
maxillae,  the  second  maxillae,  and  a  pair 
of  maxillipedes.  Ail  have  their  extremi- 
ties chelate. 


Fig.  135. — Eurypterida.  Pterygotus  An- 
glicns,  restored  (after  H.  Woodward). 
c  c  Chelate  antennae  ;  o  o  Eyes,  situated 
at  the  anterior  margin  of  the  carapace  ; 
in  m  The  mandibles,  and  the  first  and 
second  maxillae  ;  n  «  The  maxillipedes ; 
the  basal  margins  of  these  are  serrated, 
and  are  drawn  as  if  seen  through  the  me- 
tastoma  or  post-oral  plate,  which  serves 
as  a  lower  lip.  Immediately  behind  this 
is  seen  the  operculum  or  thoracic  plate 
which  covers  the  two  anterior  thoracic 
somites.  Behind  this  are  five  thoracic 
and  five  abdommal  somites,  and  lastly 
there  is  the  telson  (/). 


of  six  amalgamated  segments,  below  which  are  carried  the  re- 
productive organs  and  branchite,  the  former  protected  by  a 
thoracic  plate  or  "  operculum,"  the  latter  borne  by  five  pairs 
of  lamellar  appendages.  Lastly,  articulated  to  the  posterior 
margin  of  the  abdominal  shield,  is  a  long  sword-like  spine  or 
"telson"  (fig.  134,  /).  The  circulatory  system  of  Limulus  is 
of  a  very  high  type.  The  venous  blood,  instead  of  being  con- 
tained in  the  mere  interspaces  and  lacunas  between  the  tissues, 
is  to  a  large  extent  confined  within  proper  vessels.  A  remark- 
able peculiarity,  also,  is,  that  the  ventral  nerve-cord  is  enclosed 
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within  the  abdominal  artery,  and  most  of  the  nerves  are  simi- 
larly ensheathed  within  the  arteries. 

The  eggs  of  Limiilus  are  laid  in  the  sand,  and  are  fertilised 
by  the  male.  Just  prior  to  the  time  of  hatching,  six  segments 
can  be  recognised  in  the  cephalothorax ;  the  abdomen  consists 
of  nine  well-marked  somites ;  the  bases  of  the  legs  are  hardly 
spinose;  and  the  abdominal  spine  is  quite  rudimentary.  In 
this  stage  (fig.  136),  the  larva  closely  resembles  some  of  the 
Trilobites,  such  as  Trinucleiis  and 
Asaphiis.  After  hatching,  the  pre- 
viously-existing segmentation  is 
soon  obliterated,  and,  three  or 
four  weeks  later,  the  telson  as- 
sumes the  ensiform  shape  charac- 
teristic of  the  adult.  According 
to  the  views  of  Van  Beneden, 
the  development  of  Limulus  so 
closely  resembles  that  of  the  Scor- 
pions, that  the  former  should  pro- 
perly be  removed  from  the  Crz^i-- 
tacea,a.nd  Tp]a.ced  in  the  AracAnzda. 

T-u^  T7""  u~       ~   r       J    •      Fig.  136. — Larva  of  Zz;«7//«j  on  hatch- 

The  Kmg-Crabs  are   found   m      fng,  greatly  enlarged.  (After  Dohm.) 

the  Indian  and  Japanese  Seas, 

on  the  coasts  of  North  America,  and  in  the  Antilles.  They 
sometimes  attain  a  large  size,  and  both  the  eggs  and  the  flesh 
are  eaten  by  the  Malays. 

Sub-order  2.  Eurypterida. — Crustacea  with  mmerous, 
free,  thoracico  -  abdomiiial  segments,  the  first  and  second  (?)  of 
which  bear  one  or  more  broad  lamellar  appendages  upon  their 
ventral  surface,  the  remaining  segments  being  devoid  of  appen- 
dages ;  anterior  rings  united  into  a  carapace,  bearing  a  pair  of 
lai-val  eyes  {ocelli)  near  the  centre,  and  a  pair  of  large  marginal 
or  sub-central  eyes  ;  the  mouth  furnished  with  a  broad  post-oral 
plate,  or  metastoma,  and  five  pairs  of  movable  appendages,  the 
posterior  of  which  form  great  swimnmigfeet ;  the  telson,  or  ter- 
minal segment,  extremely  variable  in  form  ;  the  integummt  char- 
acteristically sculptured''  (Henry  Woodward). 

The  Eurypterida  are  all  extinct,  and  are  entirely  confined  to 
the  Palaeozoic  period.  Many  of  them  attained  to  a  compara- 
tively gigantic  size;  Pterygotus  Anglicus  (fig.  135)  being  sup- 
posed to  have  reached  a  length  of  probably  six  feet.  In  their 
characters  they  present  many  larval  features )  resembling 
the  larvae  of  the  JDecapoda  especially  in  the  fact  that  all  the 
free  somites  of  the  abdomen  (except  the  two  anterior  ones) 
were  totally  devoid  of  appendages. 
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CHAPTER  XXXIV. 

MALACOSTRACA. 

Sub-class  IV,  Malacostraca  {Thoracipoda,  Woodward). — 
The  Crustacea  of  this  sub-class  are  distinguished  by  the  pos- 
session of  a  generally  definite  number  of  body-segments ;  seven 
somites  going  to  make  up  the  thorax,  and  an  equal  number 
entering  into  the  composition  of  the  abdomen  (counting,  that 
is,  the  telson  as  a  somite).  The  Malacostraca  are  divided  into 
two  primary  divisions,  termed  respectively  the  Edriophthal- 
mata  and  the  Podophthalmata,  according  as  the  eyes  are  sessile 
or  are  supported  upon  eye-stalks. 

Division  A.  Edriophthalmata. — This  division  comprises 
those  Malacostraca  in  which  the  eyes  are  sessile,  and  the  body 
is  mostly  not  protected  by  a  carapace.  It  comprises  the  three 
orders,  Lcemodipoda,  Isopoda,  and  Amphipoda.  The  eyes  are 
generally  compound,  but  sometimes  simple,  and  are  placed  on 
the  sides  of  the  head.  The  head  is  almost  always  distinct 
from  the  body,  and  the  mandibles  are  often  furnished  with  a 
palp.  Typically  there  are  seven  pairs  of  feet  in  the  adult, 
hence  this  division  is  called  Tetradecapoda  by  Agassiz.  In 
certain  Isopods  {Tanais)  alone  is  there  a  carapace. 

Order  I.  L^modipoda. — Small  Crustaceans,  with  a  rucH.- 
mentary  abdomeji,  the  first  two  segments  of  the  thorax  amalga- 
mated with  the  head,  and  carrying  legs.  Branchice  as  two  or  three 
pairs  of  vesicles,  borne  on  the  thorax.  The  Lcemodipoda  are  small 
Crustaceans,  which  are  distinguished  amongst  the  Edrioph- 
thalmata by  the  rudimentary  condition  of  the  abdomen.  The 
first  thoracic  segment  is  amalgamated  with  the  head,  and  the 
limbs  of  this  segment  appear  to  be  inserted  beneath  the  head, 
or,  as  it  were,  beneath  the  throat  (fig.  137) ;  hence  the  name 

given  to  the  order.  The 
respiratory  organs  are  in 
the  form  of  two  or  three 
pairs  of  membranous  ves- 
icles attached  to  the  seg- 
ments of  the  thorax,  or 

Fig.  137.— Lsemodipoda.    Caprella  phasma.      tO  the  baSeS  of  the  IcgS. 

The  last  pair  of  feet  are 
either  inserted  at  the  end  of  the  last  somite,  or  are  followed 
by  not  more  than  one  or  two  small  segments.  There  are  four 
setaceous  antennse,  and  the  mandibles  are  without  palps.  The 
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body  is  generally  linear,  of  eight  or  nine  joints,  but  is  some- 
times oval.  The  feet  are  hooked.  The  Lcemodipoda  are  all 
marine,  and  one  section  of  the  order  comprises  parasitic  Crus- 
taceans, of  which  the  Whale-louse  {Cyamus  Ceti)  is  the  most 
familiar.  The  entire  order  is  now  generally  regarded  as  being 
merely  a  section  of  the  Amphipoda. 

Order  II.  Amphipoda. — The  members  of  this  order  re- 
semble those  of  the  preceding  in  the  nature  of  the  respiratory 
orga?is,  which  consist  of  membranous  vesicles  attached  to  the 
bases  of  the  thoracic  limbs.  The  first  thoracic  segment^  how- 
ever, is  distinct  from  the  head,  and  the  abdomm  is  well  developed, 
and  is  composed  of  seven  segments.  There  are  seven  pairs  of 
thoracic  limbs,  directed  partly  forwards  and  partly  backwards, 
the  name  of  the  order  being  derived  from  this  circumstance. 
As  in  the  Lamodipoda,  the  heart  has  the  form  of  a  long  tube 
extending  through  the  six  segments  following  the  head,  and 
having  the  blood  admitted  to  its  interior  by  three  pairs  of  valv- 
ular fissures.  The  three  posterior  pairs  of  abdominal  limbs  are 
bent  backwards,  and  form,  with  the  telsbn,  a  natatory  or  salta- 
torial  tail.  The  young  Amphipod  acquires  its  full  number  of 
segments  and  limbs  before  its  liberation  from  the  egg ;  and,  as 
a  rule,  the  young  undergo  little  or  no  metamorphosis  in  reach- 
ing maturity. 

All  the  Amphipoda  are  small,  the  "  Sand-hopper"  {Talitrus 
locusta,  fig.  138)  and  the  "fresh-water  Shrimp"  {GaiJimancs 


Fig.  138.— Amphipoda.    The  Sand-hopper,  Talitrus  loatsta,  ^v\zxg^d.. 


pulex)  being  two  of  the  commonest  forms.  The  Sand-hoppers 
and  Gammari  swim  on  their  side  when  in  the  water,  and  the 
former  leap  with  great  activity  on  land. 

Order  III.  Isopoda. — In  this  order  the  head  is  always  dis- 
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t'mctfrom  the  segment  bearing  the  first  pair  of  feet.  The  respira- 
tory organs  are  not  thoracic,  as  in  the  two  preceding  orders, 
but  are  attached  to  the  inferior  surface  of  the  abdomen,  arid  con- 
sist of  branchicB,  which  in  the  terrestrial  species  are  protected  by 
plates  which  fold  over  them.  The  thorax  is  composed  of  seveii 
segments,  bearing  seven  pairs  of  limbs,  which,  in  the  females, 
have  marginal  plates,  attached  to  their  bases,  and  serving  to 
protect  the  ova.  The  number  of  segments  in  the  abdomen 
/varies,  but  is  never  more  than  seven.  The  abdominal  seg- 
ments are  coalescent,  and  form  a  broad  caudal  shield,  beneath 
which  the  branchiae  are  carried.  The  eyes  are  two  in  number, 
formed  of  a  collection  of  simple  eyes,  or  sometimes  truly  com- 
pound. The  heart  is  sometimes  an  elongated  tube,  with  three 
pairs  of  fissures  (as  in  the  Amphipoda),  sometimes  short  or 
spherical,  removed  towards  the  abdomen,  and  with  more  or 
fewer  fissures  than  the  above.  The  young  Isopod  is  developed 
within  a  larval  membrane,  destitute  of  appendages.  After  a 
time  this  membrane  bursts,  and  liberates  the  young,  which 
resembles  the  adult  in  most  respects,  but  possesses  only  six 
instead  of  seven  pairs  of  limbs.  Of  the  members  of  this  order, 
many  are  aquatic  in  their  habits,  and  are  often  parasitic,  but 
others  are  terrestrial. 

By  Milne-Edwards  the  Isopoda  are  divided  into  three  sections,  termed 
respectively,  from  their  habits,  the  Natatorial,  Sedentary,  and  Cursorial 

Isopods.  In  the  Natatorial  Iso- 
poda the  extremity  of  the  abdo- 
men and  the  last  pair  of  abdo- 
minal legs  are  expanded  so  as 
to  form  a  swimming-tail.  Some 
of  this  section  are  parasitic  upon 
various  ^iYi^'i^Cymothoa),  whilst 
others  are  found  in  the  sea 
{Sphceromd).  In  the  Sedentary 
Isopoda  the  animals  are  all  para- 
sitic, with  short,  incurved,  hook- 
ed feet.  This  section  includes 
the  single  family  of  the  Bopyri- 
dce,  all  the  species  of  which  live 
parasitically  either  in  the  gill- 
chambers,  or  attached  to  the 
ventral  surface,  of  certain  of  the 
Decapod  Crustacea,  such  as  the 
Shrimps,  (Crangones)  and  the 
Pal(tmones. 

The  Cursorial,  or  running, 
Isopods  mostly  live  upon  the  land,  and  are  therefore  destitute  of  swim- 
ming-feet. The  most  familiar  examples  of  this  section  are  the  common 
Wood-lice  [Oniscus).  Here,  also,  belongs  the  little  Limnoria  terebrans, 
so  well  known  for  the  destruction  which  it  produces  by  boring  mto  the 
wood-work  of  piers  and  other  structures  placed  in  the  sea.    Other  well- 


Fig.  139.- 


-Isopoda.    Woodlice  (Onisats),  twice 
the  natural  size. 


ANNULOSA:  CRUSTACEA. 


289 


known  Isopods  are  the  Water-slaters  {Asellus)  of  fresh  waters,  the  Rock- 
slaters  {Ligia)  of  almost  all  coasts,  the  Box-slaters  {Idothea),  the  Shield- 
slaters  {Cassidina),  and  the  Cheliferous  Slaters  {lanais).  These  last 
are  remarkable  as  being  the  only  Isopods  in  which  there  is  a  carapace. 
The  lateral  parts  of  the  carapace  are  highly  vascular,  and  respiration  is 
effected  by  these,  and  not  by  the  abdominal  feet. 

Many  Isopods  undergo  an  extensive  metamorphosis.  ' '  In  some  Fish- 
lice  {Cymothod)  the  young  are  lively  swimmers,  and  the  adults  are  stiff, 
heavy,  stupid  fellows,  whose  sliort  clinging  feet  are  capable  of  little 
movement."  In  the  Bopyj-idcc  the  adult  females  are  usually  blind,  the 
antennte  are  rudimentary,  and  the  abdominal  appendages  from  natatory 
become  respiratory  organs.  The  males,  on  the  other  hand,  are  dwarfed, 
and  sometimes  lose  all  the  abdominal  appendages  and  all  traces  of 
segmentation  ;  until  we  get  forms  which,  like  Cryptonisciis  playiarioides, 
"would  be  regarded  as  a  Fiat- worm  rather  than  an  Isopod,  if  its  eggs  and 
young  did  not  betray  its  Crustacean  nature  "  (Fritz  Miiller). 

Division  B.  Podophthalmata. — The  members  of  this  divi- 
sion have  compound  eyes  supported  upon  movable  stalks  or 
peduncles,  and  the  body  is  always  protected  by  a  cephalo- 
thoracic  carapace.  Most  of  the  Fodophthalma  pass  through 
Zoea-stages  in  their  development.  It  comprises  the  two  orders 
Stomapoda  and  Decapoda^  of  which  the  latter  includes  all  the 
highest  and  most  familiar  examples  of  the  class  Crustacea. 

Order  I.  Stomapoda. — In  this  order  there  are  generally 
from  six  to  eight  pairs  of  legs,  and  the  branchicB,  7vhen  pi-eseiit,  are 
not  enclosed  in  a  cavity  be?ieath  the  thorax,  but  are  cither  suspended 
beneath  the  abdomen,  or,  more  rarely,  are  attached  to  the  thoracic 
legs.  The  shell,  also,  is  thin,  and  often  membranous.  From 
all  the  preceding  orders  the  Stomapoda  are,  of  course,  distin- 
guished by  the  possession  of  pedunculate  eyes.  The  devel- 
opment of  the  Stomapoda  would  appear  to  be  by  means  of 
"Zoece." 

All  the  Stomapoda  are  marine,  with  the  single  exception 
of  the  Mysis  relicta  of  the  great  lakes  of  Sweden  and  North 
America ;  and  the  Locust  Shrimp  {Squilla  mantis)  may  be 
taken  as  a  good  example  of  the  order.  In  this  Crustacean 
(fig.  140)  the  carapace  is  small,  and  does  not  cover  the 
posterior  half  of  the  thorax.  Several  of  the  anterior  appen- 
dages are  developed  into  powerfully  prehensile  and  hooked 
feet.  The  branchiag  are  attached  to  the  first  five  pairs  of 
abdominal  feet.  The  three  posterior  thoracic  and  the  ab- 
dominal appendages  are  in  the  form  of  "  swimmerets,"  and 
the  tail  is  expanded  into  a  powerful  fin.  Besides  the  Locust 
Shrimps,  the  order  includes  the  Glass  Shrimps  {Erichthys)  and 
their  allies,  and  the  Opossum  Shrimps  {Mysis). 

Order  II.  Decapoda. — The  members  of  this  order  are  the 
most  highly  organised  of  all  the  Crustacea,  as  well  as  beino- 
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those  which  are  most  famiharly  known,  the  Lobsters,  Crabs, 
Shrimps,  &c.,  bemg  comprised  under  this  head.    For  the  most 

part  they  are  aquatic  in  tlieir 
habits,  and  they  are  usually  pro- 
tected by  strong  resisting  shells. 
There  is  always  a  complicated 
set  of  "gnathites,"  or  appen- 
dages modified  for  masticat- 
ory purposes,  surrounding  the 
mouth.     The  ambidaiory  feet 
are  made  up  of  five  pairs  of  legs 
(hence  the  name  of  the  orderj ; 
the  first  pair  —  and  often  some 
other  pairs  behind  this  —  beiiig 
"  chelate"  or  having  their  extre- 
mities developed  into  nipping- 
claws.    The  branchicz  are  pyra- 
midal, a7id  are  contained  in  cav- 
ities at  the  side  of  the  thorax. 
The  carapace  is  large,  covering 
the  head  and  thorax,  and  the 
anterior  part  of  the  abdomen. 
The  heart  of  the  Decapoda  is 
in  the  form  of  a  more  or  less 
quadrate   sac,   furnished  with 
three  pairs  of  valvular  openings. 
As  regards  the  development  of 
the  Decapods  enormous  differ- 
ences obtain,  even  amongst  forms  very  closely  allied  to  one 
another. 

The  Decapoda  are  divided  into  three  tribes,  termed  respec- 
tively the  Macrwa,  Ano7mira,  and  Brachyura,  and  charac- 
terised by  the  nature  of  the  abdomen. 

Tribe  A.  Macrura. — The  "  long-tailed  "  Decapods  included 
in  this  tribe  are  distinguished  by  the  possession  of  a  well- 
developed  abdomen,  often  longer  than  the  cephalothorax,  the 
posterior  extremity  of  which  forms  a  powerful  natatory  organ 
or  caudal  fin.  As  regards  the  development  of  the  Macrura, 
most  appear  at  first  in  the  form  of  "  Zoese ; "  *  but  there  is 

*  The  young  Decapod,  in  most  cases,  leaves  the  egg  in  a  larval  form  so 
different  to  the  adult  that  it  was  originally  described  as  a  distinct  animal 
under  the  name  of  Zoea.  In  this  stage  (fig.  143)  the  thoracic  segments 
with  the  five  pairs  of  legs  proper  to  the  adult  are  either  wanting  or  are 
quite  rudimentary.  The  abdomen  and  tail  are  without  appendages,  and  ' 
the  latter  is  composed  of  a  single  piece.  The  foot-jaws  are  in  the  form 
of  natatory  forked  feet,  and  the  mandible  has  no  palp.    Lastly,  there  are 


Fig.  140  — Squilla  tnantis,  the  Locust 
Shrimp. 
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little  metamorphosis  in  the  common  Lobster,  and  there  is  said 
to  be  none  in  the  Cray-fish  {Astacics  fluviatilis).    Fritz  Miiller, 


Fig.  141. — Macriira.  Common  Lobster  {Homants  vulgaris),  i.  First  pair  of  legs, 
constituting  the  great  chelae  or  nipping-claws;  2.  Second  pair  of  legs,  also  chelate; 
3.  Third  pair  of  legs,  also  chelate  ;  4  and  5.  Last  two  pairs  of  ambulatory  legs,  with 
simply  pointed  extremities  ;  a  Antennules  ;  ga  Great  antennae  ;  ca  Carapace. 

again,  has  shown  that  the  primitive  form  of  one  of  the  Shrimps 

no  branchiae,  and  respiration  is  carried  on  by  the  lateral  parts  of  the  cara- 
pace. The  "Zoea"  is  separated  from  the  "Nauphus"  by  having  a  seg- 
mented body,  large  paired  eyes  (sometimes  with  a  median  eye),  and  a 
carapace.  The  form  proper  to  the  adult  is  not  attained  until  after  several 
moults,  constituting  a  genuine  metamorphosis,  though  one  which  is  effected 
by  very  gradual  stages. 
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{PencRus)  is  that  of  a  "  Nauplius."  This  section  comprises  the 
Lobster,  Cray-fish,  Shrimp,  Prawn,  «Scc.,  of  which  the  Lobster 
may  be  taken  as  the  type. 

In  the  Lobster  (figs.  122,  123,  and  141)  the  somites  of  the 
head  and  thorax  are  amalgamated  into  a  single  mass,  the 
"  cephalothorax,"  covered  by  a  carapace  or  shield,  which  is 
developed  from  "  the  lateral  or  epimeral  elements  of  the  fourth 
cephalic  ring,  which  meet  along  the  back,  and  give  way  pre- 
paratory to  the  moult.  The  tergal  elements  of  the  thoracic 
rings  are  not  developed  in  either  Crabs  or  Lobsters ;  when 
these  rings  are  exposed  by  lifting  up  the  cephalothoracic  shield, 
the  epimeral  parts  alone  are  seen,  converging  obliquely  towards 
one  another,  but  not  joined  at  their  apices  "  (Owen). 

The  first  segment  of  the  head  bears  the  compound  eyes, 
which  are  supported  upon  long  and  movable  eye -stalks  or 
peduncles.  Behind  these  come  two  pairs  of  jointed  tactile 
organs,  the  larger  called  the  "great  antennae,"  the  smaller  the 
"  antennules."  The  mouth  is  situated  on  the  under  surface  of 
the  front  of  the  head,  and  is  provided  from  before  backwards 
with  an  upper  lip  ("  labrum  "),  two  "  mandibles,"  two  pairs  of 
"  maxillae,"  three  pairs  of  "  maxillipedes  "  or  "  foot-jaws,"  and 
a  bifid  lower  lip,  or  "metastoma."  The  five  remaining  seg- 
ments of  the  thorax  carry  the  five  pairs  of  ambulatory  legs,  of 
which  the  first  constitute  the  great  claws,  or  "  chelse ; "  the 
next  two  pairs  are  also  chelate,  though  much  smaller ;  and  the 
last  two  pairs  are  terminated  by  simply  pointed  extremities. 
The  segments  of  the  abdomen  carry  each  a  pair  of  natatory 
limbs,  or  "  swimmerets,"  the  last  pair  being  gready  expanded, 
and  constituting,  with  the  "  telson,"  a  powerful  caudal  fin. 
Most  posteriorly  of  all  is  the  post -anal  plate,  or  "telson," 
Avhich  may  be  looked  upon  either  as  an  azygous  appendage, 
or  as  a  terminal  segment  which  has  no  lateral  appendages. 

The  mouth  leads  by  a  short  oesophagus  into  a  globose 
stomach,  in  the  cardiac  portion  of  which  is  a  calcareous  appa- 
ratus, for  triturating  the  food,  which  is  commonly  called  the 
"  lady  in  the  lobster."  The  intestine  is  continued  backwards 
from  the  stomach  without  convolutions,  and  the  anal  aperture 
is  situated  just  in  front  of  the  telson.  There  is  also  a  well- 
developed  liver,  consisting  of  two  lobes  which  open  by  separate 
ducts  into  the  intestine. 

The  heart  is  situated  dorsally,  and  consists  of  a  single  poly- 
gonal contractile  sac,  which  opens  by  valvular  apertures  mto 
a  surrounding  venous  sinus,  inappropriately  called  the  "  peri- 
cardium." The  heart  is  filled  with  oxygenated  blood  derived 
from  the  gills,  and  propels  the  aerated  blood  through  every 
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part  of  the  body.  The  gills  (fig.  123,  3,  g)  are  pyramidal  bodies 
attached  to  the  bases  of  the  legs,  and  protected  by  the  sides  of 
the  carapace.  They  consist  each  of  a  central  stem  supporting 
numerous  laminae,  and  they  are  richly  supplied  with  blood, 
but  are  not  ciliated.  The  water  which  occupies  the  gill-cham- 
bers is  renovated  partly  by  the  movements  of  the  legs,_  and 
partly  by  the  expanded  epipodite  of  the  second  pair  of 
maxillae,  which  constantly  spoons  out  the  water  from  the  front 
of  the  branchial  chamber,  ,  and  thus  causes  an  entry  of  fresh 
water  by  the  posterior  aperture  of  the  cavity. 

The  nervous  system  is  of  the  normal  "  homoganghate  "  type, 
consisting  of  a  longitudinal  series  of  ganglia  of  different  sizes, 
united  by  commissural  cords,  and  placed  along  the  ventral 
surface  of  the  body.  The  organs  of  sense  consist  of  the  two 
compound  eyes,  the  two  pairs  of  antennse,  and  two  auditory 
sacs. 

The  sexes  are  invariably  distinct,  and  the  generative  pro- 
ducts are  conveyed  to  the  exterior  by  efferent  ducts,  which 
open  at  the  base  of  one  of  the  pairs  of  thoracic  legs.  The 
ovum  is  "  meroblastic,"  a  portion  only  of  the  vitellus  under- 
going segmentation.  The  neural  side  of  the  body — that  is  to 
say,  the  ventral  surface — appears  on  the  surface  of  the  ovum, 
so  that  the  embryo  is  built  up  from  below,  and  the  umbilicus 
is  situated  posteriorly. 

Tribe  B.  Anomura. — The  Decapods  which  belong  to  this 
tribe  are  distinguished  by  the  condition  of  the  abdomen,  which 
is  neither  so  well  developed  as  in  the  Macrura,  nor  so  rudi- 
mentary as  in  Crabs.  Further,  the  abdomen  does  not  ter- 
minate posteriorly  in  a  caudal  fin,  as  in  the  Lobster.  The 
development  in  the  Anomura  appears  invariably  to  take  place 
through  Zoea-forms. 

The  entire  group  of  the  Anomura  must  be  regarded  as  an 
artificial  assemblage,  composed  of  modified  forms  of  both  the 
Macriira  and  the  Brachyura. 

The  most  familiar  of  the  Anomura  are  the  Hermit-crabs 
{Paguridce).  In  the  common  Hermit-crab  {Pagurus  Bernhar- 
diis)  the  abdomen  is  quite  soft,  and  is  merely  enclosed  in  a 
membrane,  so  that  the  animal  is  compelled  to  protect  itself  by 
adopting  the  empty  shell  of  some  Mollusc,  such  as  the  common 
Whelk,  which  it  changes  at  will  when  too  small.  The  Hermit 
is  provided  with  a  terminal  caudal  sucker,  and  with  two  or 
three  pairs  of  rudimentary  feet  developed  upon  the  abdomen, 
by  means  of  which  he  retains  his  position  within  his  borrowed 
dwelling.  The  abdominal  appendages,  however,  are  mostly 
unsymmetrical.     The  carapace  is  not  strong,  but  the  claws 
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are  well  developed,  one  being  always  larger  than  the  other. 
Other  forms  of  the  Anomiira  are  the  Sponge-crabs  {Dromid)^ 
the  Crab-lobsters  {Pofcellance),  and  the  Tree-crabs  {Birgus). 

Tribe  C.  Brachyura. — The  "  short-tailed "  Decapods,  or 
Crabs,  are  distinguished  from  the  two  preceding  tribes  by  the 
rudimentary  condition  of  the  abdomen,  which  is  very  short, 
and  is  tucked  up  beneath  the  cephalothorax,  the  latter  being 
disproportionately  large.  The  extremity  of  the  abdomen  is 
not  provided  with  any  appendage,  and  it  is  merely  employed 
by  the  female  to  carry  the  ova.    The  Crabs  (fig.  142)  are 


Fig.  142.— Brachyura.    The  Spiny  Spider-Crab  {Main  sguiiiado). 


mostly  furnished  with  ambulatory  limbs,  and  are  rarely  formed 
for  swimming,  most  of  them  being  littoral  in  their  habits,  and 
some  even  living  inland. 

In  all  the  essential  points  of  their  anatomy  the  Crabs  do  not 
differ  from  the  Lobster  and  the  other  Macrum  ;  but  tliey  are 
decidedly  higher  in  their  organisation.  This  is  especially  seen 
in  the  disposition  of  the  nervous  system,  the  ventral  ganglia 
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in  the  Crab  being  concentrated  into  a  single  large  ganglion, 
from  which  nervous  filaments  are  sent  to  all  parts  of  the  body. 
In  the  Land-crabs  {Gecarcinus)  re- 
spiration is  by  branchise,  but  there  is 
almost  always  an  aperture  behind  the 
carapace  for  the  admission  of  air. 
They  are  distributed  over  the  warm 
countries  of  the  Old  and  New  Worlds, 
as  well  as  Australia.  They  are  essen- 
tially terrestrial  in  their  habits,  and 
migrate  in  large  bodies  to  the  sea,  in 
order  to  lay  their  eggs.  Besides  the 
true  Gecarcini,  members  of  other  very 
different  families  live  more  or  less 
constantly  on  dry  land,  and  have  air 
admitted  directly  into  the  branchial 
chamber.  Amongst  these  are  the  Cal- 
ling-crabs {Gelasmms)  and  the  Sand- 
crabs  {Ocypoda). 

Reproduction  in  the  Crabs  is  the  same  as  in  the  Macrtira, 
but  the  larva  is  exceedingly  unlike  the  adult,  and  approximates 
closely  to  the  type  of  the  Macrura,  another  proof  that  the 
Brachyura  stand  higher  in  the  Crustacean  scale.  The  larval 
Crab  was  originally  described  as  a  distinct  animal,  under  the 
name  of  Zoea  (fig.  143),  presenting  in  this  condition  a  long  and 
M'ell-developed  abdomen.  It  is  only  after  several  successive 
moults  that  the  young  Crab  assumes  its  characteristic  Brachyur- 
ous  form,  and  acquires  by  gradual  changes  the  features  which 
distinguish  the  adult.  The  Zoece  of  the  Crabs  are  usually  dis- 
tinguished by  the  possession  of  long  spines  developed  from 
the  carapace.  When  first  liberated  from  the  egg,  the  Zoea  is 
enveloped  in  a  larval  skin  or  membrane,  which  is  shed  in  a 
few  hours. 


Fig.  143. — Larva  (Zoea)  of  Crab 
(Piryvela  denticnlatd),  magni- 
fied.   (After  Kinahan.) 


CHAPTER  XXXV. 

DISTRIBUTION  OF  THE  CRUSTACEA. 

Distribution  of  Crustacea  in  Space. — The  Crustacea  are 
distributed  over  the  whole  globe,  some  forms  being  terrestrial 
in  their  habits,  but  the  majority  inhabiting  the  sea  or  fresh 
water.  As  a  rule,  the  development  of  the  Crustacean  fauna  is 
in  proportion  t;o  the  temperature,  the  higher  and  larger  forms 
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being  most  abundant  in  warm  regions.  The  groups  of  the 
Cirripedia,  Rhizocephala,  Xiphosiira,  and  Lainodipoda,  are  only 
found  in  salt  water.  On  the  other  hand,  the  Ichthyophthira, 
Ostracoda,  Copepoda,  Phyllopoda,  Eurypterida  (?),  Ainphipoda, 
Stomapoda,  Isopoda,  and  Decapoda,  are  found  both  in  fresh  and 
in  salt  water.  Of  these,  however,  the  Phyllopods  are  princi- 
pally fresh-water  forms,  and  the  Stomapods  and  Decapods  are 
essentially  inhabitants  of  the  sea ;  whilst  the  Eurypterids  are 
certainly  mainly  a  salt-water  group,  though  some  forms  may 
perhaps  have  lived  in  fresh  water  as  well.  The  Isopoda  and 
Decapoda  also  include  terrestrial  forms. 

Distribution  of  Crustacea  in  Time. — As  regards  the 
general  distribution  of  the  Crustacea  in  time,  remains  of  the 
class  are  comparatively  abundant  in  all  formations  except  the 
very  oldest ;  as  might  have  been  expected  from  the  generally 
chitinous  or  sub-calcareous  nature  of  their  integuments  and 
their  aquatic  habits.  Owing  also  to  their  habit  of  periodically 
casting  their  shell,  a  single  individual  may  leave  repeated 
traces  of  himself,  and  the  number  of  fossils  may  considerably 
exceed  that  of  the  individuals  which  actually  underwent  fossili- 
sation.  The  Crustaceans  appear  to  have  commenced  their 
existence  in  the  Cambrian  period,  remains  of  members  of  this 
class  being  tolerably  abundant  in  the  higher  portion  of  this 
formation.  The  Palaeozoic  formations,  taken  as  a  whole,  are 
characterised  by  the  predominance  of  the  orders  Trilobita, 
Eurypterida,  Ostracoda,  axid  FhyHopoda,  of  which  the  two  former 
are  exclusively  confined  to  this  period.  All  the  other  orders  of 
Crustacea  which  have  left  any  traces  of  their  past  existence  at 
all,  appear  to  have  come  into  existence  before  the  close  of 
the  Palaeozoic  period.  Upon  the  whole,  however,  there  has 
been  a  marked  progression  in  proceeding  from  the  older 
formations  to  the  present  day.  The  Trilobites  and  Eurypterids 
of  the  older  Palaeozoic  Rocks,  though  highly  organised  so  far 
as  their  type  is  concerned,  are  in  many  respects  inferior  to  later 
forms,  whilst  they  present  some  striking  points  of  resemblance 
to  the  larval  forms  of  the  higher  groups.  The  great  group  of 
the  Stalk-eyed  Crustaceans— undoubtedly  the  highest  of  the 
entire  class — is  not  represented  at  all  till  we  reach  the  Car- 
boniferous Rocks ;  and  it  is  not  till  we  come  into  the  Second- 
ary period  that  we  find  any  great  development  of  this  group, 
whilst  its  abundance  increases  to  a  marked  extent  in  the 
Tertiary  period,  and  it  attains  its  maximum  at  the  present  day. 
Similarly,  of  the  two  orders  of  Mcrosto7nata,  \he  Euiyptcrida 
are  confined  to  the  earlier  portion  of  the  Palaeozoic  period, 
whilst  the  more  highly  organised  and  less  larval  King-crabs 
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{Xiphosura)  hardly  made  their  appearance  till  the  Eurypterids 
had  disappeared,  at  the  close  of  the  Carboniferous  period. 

1.  Cirripedia. — The  Cirripedes  are  hardly  known  as  Palaeozoic  fossils, 
but  valves  of  a  singular  member  of  this  order  {lurrilepas)  have  been  found 
in  the  Silurian  Rocks.  With  this  exception,  the  Cirripedes  are  entirely 
confined  in  past  time  to  the  Secondary  and  Tertiary  epochs.  The  Bala- 
nida  are  the  most  common,  commencing,  with  the  doubtful  exception  of  a 
Liassic  form,  in  the  Chalk,  and  attaining  their  maximum  in  recent  seas. 
The  Vemicidce  commence  in  the  Chalk,  and  the  Lepadida,  with  one  ex- 
ception, begin  in  the  Jurassic  Rocks,  and  attain  their  maximum,  of  devel- 
opment in  the  Cretaceous  epoch.  The  Upper  Silurian  genus  Tiirrilepas, 
above  mentioned,  is  also  referable  to  the  Lepadoids. 

2.  Osiracoda.  —  'S>m'!i\\  Ostracode  Crustacea  are  extremely  abundant  as 
fossils  in  many  formations,  and  extend  from  the  Cambrian  period  up  to 
the  present  day. 

3.  Phyllopoda.  —  Remains  of  Cnistaceans  supposed  to  belong  to  this 
order  are  found  in  the  Palteozoic  Rocks.  Hynienocaris  is  found  in  the 
Upper  Cambrian,  Caryocaris  in  the  Lower  Silurian,  Ceratiocaris  in  the 
Upper  Silurian,  and  Dithyrocaris  in  the  Carboniferous  Limestone.  All 
these  forms,  with  other  similar  ones,  are  believed  to  be  most  closely  allied 
to  the  recent  Apus  and  Nebalia.  The  genus  Estheria,  represented  by 
many  forms  from  the  Devonian  period  to  the  present  day,  is  also  to  be 
referred  here. 

4.  Trilobiia. — The  Trilobites  are  exclusively  Palteozoic  fossils.  In  the 
Upper  Cambrian  rocks — the  so-called  "primordial  zone" — there  occurs  a 
singular  group  of  Trilobites — the  so-called  primordial  Trilobites  —  dis- 
tinguished by  the  possession  of  many  larval  characters.  In  the  Lower  and 
Upper  Silurian  Rocks  the  Trilobites  attain  their  maximum  of  develop- 
ment. They  are  still  well  represented  in  the  Devonian  Rocks  ;  but  they 
die  out  completely  before  the  close  of  the  Carboniferous  epoch,  being  re- 
presented in  the  Mountain  Limestone  by  three  genera  only  {Phillipsia, 
Brachymetopus,  and  Griffithides). 

5.  Eurypterida. — These,  like  the  last,  ai-e  entirely  Palseozoic,  attaining 
their  maximum  in  the  Upper  Silurian  and  Devonian  formations,  and  dying 
out  in  the  Carboniferous  Rocks.  Ptcrygotus,  Eurypterus,  and  Slimonia  are 
the  most  characteristic  genera. 

6.  Xipkosiu-a — The  genus  Lwiulus  commenced,  as  far  as  is  yet  known, 
in  the  Permian  period,  and  has  survived  up  to  the  present  day.  Its  first 
appearance,  therefore,  was  just  at  the  close  of  the  Palseozoic  epoch.  Of 
the  remaining  genera,  which  constitute  with  Linmlus  this  sub-oi'der, 
Belinurus,  Euproops,  and  Prestiuichia  are  Palaeozoic,  and  are  not  known 
to  occur  out  of  the  Carboniferous  Rocks.  The  genus  N^eoliinulus  is 
Upper  Silurian. 

7.  Amphipoda — The  oldest  known  Amphipod  is  the  Necrogainviarits  of 
the  Upper  Silurian. 

8.  Isopoda^—T\v&  earliest  known  Isopod  is  the  Pra:arcturus  of  the  De- 
vonian Rocks. 

9.  Stomapoda. — This  order  is  represented  in  the  Carboniferous  Rocks 
by  the  genus  Gampsonyx. 

10.  Decapoda. — The  Macrurous  Decapods  commence  their  existence  in 
the  Carboniferous  period,  with  a  few  Prawn-like  forms.  The  Decapoda 
are,  however,  well  represented,  in  all  their  three  tribes,  in  the  Secondary 
and  Tertiary  epochs,  attaining  their  maximum  at  the  present  day.  The 
London  Clay  (Eocene)  is  especially  rich  in  the  remains  of  Maci-ura  and 
Bracliyura, 
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CHAPTER  XXXVI. 
ARACHNIDA. 

Class  II.  Arachnida. — The  Arachnida — including  the  Spi- 
ders, Scorpions,  Mites,  &c. — possess  almost  all  the  essential 
characters  of  the  Crustacea,  to  which  they  are  very  closely 
allied.  Thus,  the  body  is  divided  into  a  variable  number  of 
somites,  some  of  which  are  always  provided  with  articulated 
appendages.  A  pair  of  ganglia  is  primitively  developed  in 
each  somite,  and  the  neural  system  is  placed  ventrally.  The 
heart,  when  present,  is  always  situated  on  the  opposite  side  of 
the  alimentary  canal  to  the  chain  of  ganglia.  The  respiratory 
organs,  however,  whenever  these  are  differentiated,  are  never 
in  the  form  of  branchige  as  in  the  Crustacea,  but  are  in  the 
form  either  of  pulmonary  vesicles  or  sacs,  or  of  ramified  tubes, 
formed  b)'  an  involution  of  the  integument,  and  fitted  for 
breathing  air  directly.  Further,  there  are  never  "  more  than 
four  pairs  of  locomotive  limbs,  and  the  somites  of  the  abdomen, 
even  when  these  are  well  developed,  are  never  provided  with 
limbs ; "  the  reverse  being  the  case  amongst  the  Crustacea. 
Lastly,  "  in  the  higher  Arachnida,  as  in  the  higher  Crustacea, 
the  body  is  composed  of  twenty  somites,  six  of  which  are 
allotted  to  the  head ;  but  in  the  former  class,  one  of  the  two 
normal  pairs  of  antennse  is  never  developed,  and  the  eyes  are 
always  sessile;  while,  in  the  higher  Crustacea,  the  eyes  are 
mounted  upon  movable  peduncles,  and  both  pairs  of  antennas 
are  developed  "  (Huxley). 

The  head  of  the  Arachnida  is  always  amalgamated  with  the 
thorax,  to  form  a  "  cephalothorax ; "  the  integument  is  usually 
chitinous,  and  the  locomotive  limbs  are  mostly  similar  in  foim 
to  those  of  insects,  and  are  usually  terminated  by  two  hooks. 

In  many  of  the  Arachnida  the  integument  remains  soft  over 
the  entire  body;  in  others,  as  in  the  majority  of  Spiders,  the 
abdomen  remains  soft  and  flexible,  whilst  the  cephalothorax  is 
more  or  less  hard  and  chitinous ;  in  the  Scorpions,  again,  the 
integument  over  the  whole  body  forms  a  strong  chitinous  shell. 
The  cephalothorax  may  be  segmented  {SolptgidcB) ;  and  the 
abdomen  may  or  may  not  be  segmented.  Though  four  pairs 
of  legs  are  present,  the  first  is  certainly  homologous  with  the 
labial  palpi  of  the  Insecta. 

The  typical  somite  of  the  Arachnida  is  constituted  upon 
exactly  the  same  plan  as  that  of  the  Crustacea,  consisting 
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essentially  of  a  dorsal  and  ventral  arc ;  the  former  composed 
of  a  central  piece,  or  "tergum,"  and  of  two  lateral  pieces,  or 


Fig.  144. — A,  The  male  of  the  common  House- Spider  {Tcgcnaria  civilis),  considerably 
magnified  :  c  Front  portion  of  the  body,  consisting  of  the  amalgamated  head  and 
thorax  ;  /  Maxillary  palpi ;  a  Abdomen.  B,  Front  portion  of  the  head  of  the  same, 
showing  the  eight  eyes  (y),  and  the  mandibles  («).  C,  Under  side  of  the  head  and 
trunk,  showing  the  true  jaws  (in),  the  lower  lip  (/),  and  the  horny  plate  to  which  the 
legs  are  attached.  D,  Diagram  of  one  of  the  air-chambers  or  breathing- organs. 
(Figs  A,  B,  and  C  are  after  Blackwall.) 

"  epimera ; "  whilst  the  latter  is  made  up  of  a  median  "  ster- 
num" and  of  two  lateral  "  episterna." 

As  regards  the  composition  of  the  cephalothorax  of  Spiders, 
"  the  tergal  elements  of  the  coalesced  segments  are  wanting, 
and  the  back  of  the  thorax  is  protected  by  the  elongation,  con- 
vergence, and  central  confluence  of  the  epimeral  pieces;  the 
sternal  elements  have  coalesced  into  the  broad  plate  in  the 
centre  of  the  origins  of  the  ambulatory  legs,  from  which  it  is 
separated  by  the  episternal  elements.  .  .  .  The  non-develop- 
ment of  the  tergal  elements  explains  the  absence  of  wings  " 
(Owen). 

The  mouth  is  situated,  in  all  the  Arachnida,  in  the  anterior 
segment  of  the  body,  and  is  surrounded  by  suctorial  or  masti- 
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catory  appendages.  In  the  higher  Arac/mida,  the  mouth  is 
provided  from  before  backwards  with  the  following  appendages 
(figs.  144,  145):  I.  A  pair  of  "falces,"  or  "  mandibles,"  used 
for  prehension  ;  2.  A  pair  of  "  maxillae,"  each  of  which  is  pro- 
vided with  along  jointed  appendage,  the  "maxillary  palp;" 
3.  A  lower  lip,  or  "labium."  In  the  Scorpion,  an  upper  lip, 
or  "  labrum,"  is  also  present.* 

In  the  Spiders  (fig.  145,  4)  each  falx  or  mandible  terminates 
in  a  sharp  movable  hook,  which  possesses  an  aperture  at  its 
extremity  communicating  by  a  canal  with  a  gland,  which  is 
placed  in  the  preceding  joint  of  the  mandible,  and  secretes  a 
poisonous  fluid.  The  maxillary  palps  in  the  Spiders  are  long, 
jointed  appendages,  terminated  in  the  females  by  pointed  claws. 


Fig.  145. — Morphology  of  Arachnida.  i.  Organs  of  the  mouth  in  the  Scorpion,  on 
one  side :  m  Mandibles  (antennse)  converted  into  chelae,  and  called  the  chelicera ; 
/  Maxillary  palpi  greatly  developed,  and  forming  strong  chelae.  2.  Teison  of  the 
Scorpion.  3.  One  of  the  abdommal  segments  of  the  Scorpion,  showmg  the  "stig- 
mata," or  apertures  of  the  pulmonary  sacs.  4.  Tegenaria  domcstica,  the  common 
Spider  (male),  viewed  from  below  :  ^  Spinnerets  ;  vi  Mandibles  with  their  perforated 
hooks— below  the  mandibles  are  the  maxillae,  and  between  the  bases  of  these  is  the 
labium  ;  /  The  maxillary  palpi  with  their  enlarged  tumid  extremities. 

but  frequently  swollen,  and  carrying  a  special  sexual  apparatus 
hi  the  males. 

In  the  Scorpions  (fig.  145,  i)  the  mandibles  are  short  and 

*  The  nomenclature  ordinarily  applied  to  the  parts  of  the  mouth  in  the 
Arachnida  is  a  misleading  one,  so  far  as  the  homologies  of  this  class  with 
the  Insecta  are  concerned.  Thus  the  so-called  "  mandibles  "  are  really  the 
anteniur;  the  "  mandibles  "  themselves  are  absent,  but  the  "  chela;  "  of  the 
Scorp  ions  may  really  represent  the  tiiandilmlar  palpi whilst  the  first 
pair  o{  legs  really  corresponds  with  the  labial  palpi,'"  and  the  second  pair 
of  legs  may  possibly  be  a  modification  of  a  second  pair  of  palps. 
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terminate  in  strong  pincers,  or  "chelicerse."  The  maxillary 
palpi  are  also  greatly  developed,  and  constitute  powerful  grasp- 
ing claws,  or  "  chete."  In  the  genus  Galeodes,  the  mandibles, 
like  those  of  the  Scorpion,  constitute  "  chelicerae,"  though  com- 
paratively much  larger  and  longer ;  but  the  maxillary  palps  are 
not  developed  into  "  chelae." 

With  regard  to  antennae,  these  organs,  as  such,  do  not  exist 
-in  the  Arachnida.  It  is  generally  believed,  however,  that  the 
mandibles  of  the  Arachnida  are  truly  homologues,  not  of  the 
parts  which  bear  the  same  name  in  the  other  Arthropoda,  but  of 
the  antefince;  and  the  name  of  "falces"  is  thus  best  applied  to 
them.  The  antennae,  therefore,  of  the  Spiders  are  converted 
into  prehensile  and  offensive  weapons ;  whilst  in  the  Scorpions, 
as  in  the  King-crabs,  they  are  developed  into  nipping-claws,  or 
chelae. 

In  the  lower  Arachnida^  the  organs  of  the  mouth,  though 
essentially  the  same  as  in  the  higher  forms,  are  often  enveloped 
in  a  sheath,  formed  by  the  labium  and  maxillje,  whilst  the 
mandibles  are  often  joined  together  so  as  to  constitute  a  species 
of  lancet. 

The  mouth  conducts  by  an  oesophagus,  sometimes  by  the 
intervention  of  a  pharynx,  to  the  stomach,  which  often  carries 
longer  or  shorter  caeca  appended  to  it.  The  intestinal  canal 
is  short  and  straight,  no  convolutions  intervening  between  the 
mouth  and  the  anus.  The  terminal  portion  of  the  intestine 
is  generally  dilated  into  a  cloaca,  into  which  open,  as  a  rule, 
branched  or  tortuous  tubes,  supposed  to  have  a  renal  function, 
and  to  correspond  with  the  "  Malpighian  vessels  "  of  Insects. 
Salivary  glands  are  generally  present,  and  there  is  usually  a 
well-developed  liver. 

The  circulation  in  the  Arachnida  is  maintained  by  a  dorsal 
heart,  which  is  situated  above  the  alimentary  canal,  and  is 
wanting  in  the  lower  forms.  Usually  the  heart  is  greatly 
elongated,  and  resembles  the  "  dorsal  vessel "  of  the  Insecta. 
In  the  lower  Arachnida,  however,  there  is  no  central  organ 
of  the  circulation,  and  there  are  no  differentiated  blood-ves- 
sels. All  the  Arachnida,  except  some  of  the  lowest,  breathe 
the  air  directly,  and  the  respiratory  function  is  performed  by 
the  general  surface  of  the  body  (as  in  the  lowest  members  of 
the  class),  or  by  ramified  air-tubes,  termed  "  tracheae,"  or  by 
distinct  pulmonary  chambers  or  sacs  ;  or,  lastly,  by  a  combina- 
tion of  tracheae  and  pulmonary  vesicles.  The  "  tracheae  "  con- 
sist of  ramified  or  fasciculated  tubes,  opening  upon  the  surface 
of  the  body  by  distinct  apertures,  called  "  stigmata."  The  walls 
of  the  tube  are  generally  prevented  from  collapsing  by  means 
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of  a  chitinous  fibre  or  filament,  which  is  coiled  up  into  a  spiral, 
and  is  situated  beneath  their  epithelial  lining.  The  pulmonary 
sacs,  or  "  tracheal  lungs,"  are  simple  involutions  of  the  integu- 
ment, abundantly  supplied  with  blood ;  the  vascular  surface 
thus  formed  being  increased  in  area  by  the  development  of  a 
number  of  close-set  membranous  lamellae,  or  vascular  plates, 
which  project  into  the  interior  of  the  cavity.  Like  the  tracheae, 
the  pulmonary  sacs  communicate  with  the  exterior  by  minute 
apertures,  or  "stigmata"  (fig.  145,  3),  and  they  are  to  be  regarded 
as  being  simply  greatly  expanded  trachese. 

The  nervous  system  is  of  the  normal  articulate  type,  but  is 
often  much  concentrated.  Typically  there  is  a  cephalic  or 
"  cerebral "  ganglion,  a  large  thoracic  ganglion,  and  often  small 
abdominal  ganglia.  In  some  of  the  lower  forms  the  articulate 
type  of  nervous  system  is  lost,  and  there  is  merely  a  ganglionic 
mass  situated  in  the  abdomen.  In  none  of  the  At-admida  are 
compound  eyes  present,  and  in  none  are  the  eyes  supported 
upon  foot-stalks.  The  organs  of  vision,  when  present,  are  in 
the  form  of  from  two  to  eight  or  more  simple  eyes,  or  "  ocelh." 

In  all  the  Arachnida,  with  the  exception  of  the  Tardig7'ada, 
the  sexes  are  distinct.  The  great  majority  of  the  Arachnida 
are  oviparous,  and  in  most  cases  the  larvse  are  like  the  adult 
in  all  except  in  size.  In  some  cases,  however  {Acarijia),  the 
larvae  have  only  six  legs,  and  do  not  attain  the  proper  four 
pairs  of  legs  until  after  some  moults. 


CHAPTER  XXXVIL 
DIVISIONS  OF  THE  ARACHNIDA. 

The  class  of  the  Arachnida  may  be  divided  into  the  following 
orders  : — 

Order  L  Podosomata  iPantopoda). — Respiration  effected 
by  the  general  surface  of  the  body  ;  limbs  four  pairs  in  number, 
elongated ;  abdomen  rudinie7itary,  vnsegmented ;  sexes  distinct. 

The  members  of  this  order,  sometimes  called  "  Sea-spiders," 
have  been  placed  alternately  amongst  the  Arachnida  and  the 
Crustacea,  their  true  position  being  rendered  doubtful  by  the 
fact  that,  though  marine  in  their  habits,  they  possess  no  dif- 
ferentiated respiratory  organs.  They  possess,  however,  no 
more  than  four  pairs  of  legs,  and  would  therefore  appear  to  be 
properly  referable  to  the  Arachnida,    According  to  Dr  Dohrn, 
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however,  the  embryo  is  nauphiform,  and  this  would  support  a 
reference  of  the  order  to  the  Crustacea.  The  commoner  forms 
of  the  Podosoinata  (such  as  NympJiou  and  Pycnogoniivi)  may  be 
found  on  the  sea-coast  at  low  water,  crawling  about  amongst 
marine  plants  or  hiding  beneath  stones.  Some  species  of  the 
latter  genus  are  parasitic  upon  fishes  and  other  marine  animals, 
but  the  common  British  species  (i^.  littorale)  is  free  when 
adult,  and  does  not  appear  to  be  parasitic  at  any  stage  of  its 
existence  (fig.  147,  a).  The  legs  consist  of  four  pairs,  some- 
times greatly  exceeding  the  body  in  length,  and  containing 
Ccecal  prolongations  of  the  digestive  cavity  for  a  portion  of 
their  length.    The  mouth  is  sometimes  provided  with  a  pair  of 

chelicerae,"  or  chelate  mandibles,  and  with  two  well -devel- 
oped maxillary  palpi,  behind  which  in  the  female  are  a  pair  of 
false  legs  which  carry  the  ova.    The  abdomen  is  rudimentary ; 
but  the  cephalothorax  is  segment- 
ed.   Though  there  are  no  respira- 
tory organs,  there  is  a  distinct  heart. 
The  sexes  are  in  different  individu- 
als, and  the  larvae  have  at  first  only 
two  pairs  of  legs. 

Order  II.  Acarina  or  Mono- 
MEROSOMATA.  —  The  members  of 
this  order  possess  an  tc7tsegmented 
abdomen  which  is  fused  with  the 
cephalothorax  into  a  single  mass. 
Respiration  is  effected  by  trachece,  or 
by  the  integwnent.  Most  of  the 
Acarina  are  parasitic,  and  the  most 
familiar  are  the  Mites  and  Ticks. 

Family  i.  Pentastomida  {Lingua- 
tulince). — The  members  of  this  fa- 
mily are  worm-like  parasites,  which 
in  their  adult  state  are  found  in  the 
interior  of  the  frontal  sinuses,  the 
nose,  or  the  lungs  of  the  Dog,  and 
of  other  Vertebrate  animals.  When 
fully  grown  (fig.  146)  they  are  com- 
pletely vermiform,  with  a  soft  an- 
nulated  integument,  and  possessing 
no  external  organs  except  two  pairs 
of  retractile  hooks,  representing  limbs,  placed  near  the  mouth 
The  adult  thus  presents  an  external  resemblance  to  the  TcenicB 
from  which,  however,  they  are  separated  by  the  details  of  their 
mternal  organisation.    There  are  no  differentiated  orc-ans  of 


Fig.  146. — A,  Pentastoma  tcenioides, 
female,  of  the  natural  size  ;  C,  Male 
of  the  same,  of  the  natural  size  ;  B, 
Larva  of  the  same,  greatly  enlarged, 
showing  the  two  pairs  of  articulated 
limbs.  (After  Spencer  Cobbold  and 
Leuckart.) 
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respiration  or  circulation,  but  the  sexes  are  distinct.  The 
larvas  (hg.  146,  B)  are  found  encysted  in  the  liver  or  other 
internal  organs  of  various  Vertebrates  (including  man),  and 
possess  two  pairs  of  articulated  limbs. 

Family  2.  Taj-digrada  {MacrohiotidcR  or  Ardiscd).  —  This 
family  comprises  the  so-called  "  Sloth  "  or  "  Bear  Animalcules," 
which  are  microscopic  animals  found  in  damp  moss  and  in 
the  gutters  of  houses  (fig.  148,  B).    In  form,  the  body  is  some- 


Fig.  147. — Arachnida.    a  Fycnogomtin  littorale;  b  Tetranychiis  telariits,  one  of  the 
"  Sociable  "  mites ;  c  UydrackiM  globulus,  one  of  the  "  Water-mites." 

what  vermiform,  with  four  pairs  of  rudimentary  legs.  The 
mouth  is  suctorial,  with  rudimentary  jaws  or  stilets.  They 
exhibit  no  traces  of  respiratory  or  circulatory  organs,  and,  un- 
like the  other  Arachnids,  they  have  the  sexes  united  in  the 
same  individual. 


the  Tardigrada,  greatly  magnified ;  C,  SarcoJ>tes  scaiiet,  the  Itch-mite,  greatly  | 
magnified. 


Family  3.  Acarida.—TKxs  family  includes  the  Mites,  Ticks, 
and  Water-mites,  some  of  which  are  parasitic,  whilst  others 
are  free,  and  some  are  even  aquatic  in  their  habits.    The  moutlt 
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is  formed  for  suction,  or  for  biting.  There  is  no  definite  line 
of  demarcation  between  the  unsegmented  abdomen  and  the 
cephalothorax. 

In  the  true  Acari  (fig.  147,  b),  of  which  the  Cheese-mite  may 
be  taken  as  an  example,  there  are  four  pairs  of  legs,  adapted 
for  walking,  and  the  mouth  is  provided  with  distinct  mandibles. 
Besides  the  Cheese-mite  {A.  domesticus),  another  well-known 
species  is  the  Acarus  destructor,  which  feeds  upon  various  zoo- 
logical specimens,  and  is  very  annoying  to  the  naturalist.  In 
the  Sarcoptes  scabiei — the  cause  of  the  skin-disease  known  as 
the  "  itch  " — the  two  anterior  pairs  of  legs  are  provided  with 
suckers,  and  the  two  posterior  are  terminated  by  bristles  ;  the 
mouth,  also,  is  furnished  with  bristles  (fig.  148,  C).  In  the 
Ticks  {Ixodes)  the  mouth  is  provided  with  a  beak,  or  "  rostrum," 
which  enables  them  to  pierce  the  skin,  and  retain  their  hold 
firmly.  In  the  Hydrachnida  (fig.  147,  c),  or  Water-mites,  the 
head  is  furnished  with  two  or  four  ocelli,  and  there  are  four 
pairs  of  hairy  natatory  legs.  They  are  parasitic,  during  at 
least  a  portion  of  their  existence,  upon  Water-beetles  and 
other  aquatic  insects.  They  pass  through  a  metamorphosis, 
the  larva  being  hexapod,  or  having  only  three  pairs  of  legs. 
The  Garden-mites  {TrombididcB)  and  Spider-mites  {Ganasidce) 
live  upon  plants ;  the  Wood-mites  ( OribatidcE)  and  Harvest- 
ticks  {LeptidcB)  are  to  be  found  amongst  moss  and  herbage,  or 
creeping  upon  trees  or  stones  ;  whilst  the  true  Ticks  {IxodidcB) 
attach  themselves  parasitically  by  means  of  their  suctorial 
mouth  to  the  bodies  of  various  Mammals,  such  as  sheep,  oxen, 
dogs,  &c.  Several  Mites  {Thalassarachna,  Pontarachiia,  &c.) 
have  been  found  to  inhabit  salt  water,  and  several  species  of 
Trombididce  live  habitually  between  tide-marks. 

Another  member  of  the  Acarina  is  the  curious  little  Demodex 
folliculorum  (fig.  148,  A),  which  is  found  in  the  sebaceous 
follicles  of  man,  especially  in  the  neighbourhood  of  the  nose. 
It  is  probable  that  very  few,  if  any,  individuals  are  exempt 
from  this  harmless  parasite. 

Order  III.  Adelarthrosomata. — The  members  of  this 
order,  comprising  the  Harvest-spiders,  the  Book-scorpions,  &c., 
are  distinguished  from  the  preceding  by  the  possession  of  an 
abdomen,  which  is  more  or  less  distinctly  segvwited,  but  generally 
^hibits  no  line  of  separation  from  the  cephalothorax,  the  two 
regions  bei?ig  of  equal  breadth  and  conjoined  together.  The  mouth 
IS  furnished  with  masticatory  appendages,  afid  respij'ation  is 
effected  by  trachecE,  which  open  on  the  lower  surface  of  the  body 
by  two  or  four  stigmata. 

Family  i.  Fhalangidce. — The  well-known  "  Harvest-men  " 
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belong  to  this  family.  They  are  characterised  by  the  great 
length  of  the  legs  (fig.  149,  B),  and  by  the  filiform  maxillary 


Fig.  149.— A,  CJielifey  cancroides,  showing  the  chelate  maxillary  palpi,  considerably 
enlarged  ;  B,  Phalangium  cofiiicum,  of  the  natural  size  ;  C,  Tlielyphcmts giganteus  ; 
D,  Galeodes  araneoides,  of  the  natural  size. 

palpi,  terminated  by  simple  hooks.  The  abdomen  and  cepha- 
lothorax  are  of  about  equal  width,  but  clearly  marked  off  from 
one  another,  and  the  former  is  segmented.  There  are  two 
eyes,  and  the  young  pass  through  no  metamorphosis.  The 
Harvest-men  are  active  in  their  habits  and  live  upon  animal 
food. 

Family  2.  Pseicdoscorpionidce  (^Cheliferidce). — The  members  ' 
of  this  little  group  are  readily  recognised  by  the  fact  that  the 
maxillary  palpi  (fig.  149,  A)  are  of  large  size,  and  are  con- 
verted into  nipping-claws  or  chelae,  thus  giving  the  animal 
the  appearance  of  a  Scorpion  in  miniature.  The  abdomen 
is  segmented,  but  there  is  no  "post-abdomen,"  as  in  the 
true  Scorpions ;  Eyes  may  be  wanting,  and  the  under  surface 
of  the  abdomen  carries  a  small  spinning-organ.  The  "  Book- 
Scorpion  "  {Chelife?)  is  commonly  found  in  old  books  and  in 
dark  places.  t 
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Family  3.  Solpugidce. — In  this  family  (fig.  149,  D)  the  abdo- 
men is  not  only  very  distinctly  segmented,  but  is  also  clearly 
separated  from  the  cephalothorax,  which  is  likewise  segmented. 
The  falces  or  mandibles  are  chelate,  and  of  immense  size  : 
and  the  maxillary  palpi  constitute  long  feet.  The  front  of 
the  head  carries  tAvo  eyes,  and  respiration  is  by  trachese. 
Galeodes  may  be  considered  as  the  type  of  the  group,  all  the 
members  of  which  are  tropical  or  subtropical  in  their  range, 
and  are  nocturnal  and  carnivorous  in  habit. 

Order  IV.  Pedipalpi. — Abdomen  segmented,  with  or  loith- 
out  a  post-abdomen^  Respiration  by  meaiis  of  pub7ionary  sacs. 
In  this  order  are  the  true  Scorpions,  together  with  certain  other 
animals  which  are  in  some  respects  intermediate  between  the 
Scorpions  and  the  true  Spiders.  The  members  of  this  order 
are  distinguished  by  the  fact  that  the  abdomen  in  all  is  dis- 
tinctly segmented,  but  is  not  separated  from  the  cephalo- 
thorax by  a  well-marked  constriction.  They  agree  in  this 
character  with  the  AdelartJuvsomata  ;  hence  the  two  are  some- 
times united  into  a  single  order  {Arthrogastrd),  but  they  are 
separated  by  the  nature  of  the  respiratory  organs,  the  latter 
breathing  by  trachese,  and  not  by  pulmonary  sacs. 

Family  i.  Smpionidce. — The  Scorpions  are  amongst  the  best 
known  of  the  Arachnida,  as  well  as  being  amongst  the  largest. 
They  are  distinguished  by  their  long,  distinctly  segmented  ab- 
domen, terminating  in  a  hooked  claw  (figs.  145,  150).  This 


Fig.  150. — Scorpion  (reduced). 

claw,  which  is  really  a  modified  "  telson,"  is  the  chief  offensive 
weapon  of  the  Scorpion,  and  is  perforated  at  its  point  by  the 
duct  of  a  poison-gland  which  is  situated  at  its  base.  The  abdo- 
men is  composed  of  twelve  somites,  not  counting  the  telson,  of 
which  the  last  five  constitute  a  true  "tail"  or  "  post-abdo. 
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men;"  but  there  is  no  evident  line  of  demarcation  between 
this  region  and  the  cephalothorax.  The  second  segment  of 
the  abdomen  carries  below  two  curious  comb-like  organs  of 
uncertain  use,  but  probably  connected  with  reproduction.  The 
thoracic  segments  carry  four  pairs  of  ambulatory  feet.  There 
are  six,  eight,  ten,  or  twelve  simple  eyes  carried  on  the  top  of 
the  head.  The  maxillary  palpi  are  greatly  developed,  and 
constitute  strong  nipping-claws,  or  "chelae"  (figs.  145,  150). 
The  mandibles  (antennas)  also  form  claws,  or  "  chelicerae." 
The  respiratory  organs  are  in  the  form  of  pulmonary  sacs,  four 
on  each  side,  opening  upon  the  under  surface  of  the  abdomen 
by  as  many  stigmata,  each  of  which  is  surrounded  by  a  raised 
margin,  or  "peritrema"  (fig.  145,  3). 

The  Scorpions  are  mostly  inhabitants  of  warm  regions,  and 
their  sting,  though  much  exaggerated,  is  of  a  very  severe 
nature.  They  live  under  stones  or  in  dark  crevices,  and  run 
swiftly,  carrying  the  tail  curved  over  the  back.  They  feed  on 
insects,  which  they  hold  in  the  chelate  palpi  and  sting  to 
death.  The  largest  forms,  from  Central  Africa  and  South 
America,  attain  a  length  of  nine  or  ten  inches. 

Family  2.  ThelyphonidcB. — The  members  of  this  family  in 
external  appearance  closely  resemble  the  true  Spiders,  from 
which  they  are  separated. by  the  possession  of  a  segmented 
abdomen,  and  long  spinose  palpi,  and  by  the  absence  of  spin- 
nerets. They  are  distinguished  from  the  Scorpiotiidcz  by -the 
amalgamation  of  the  head  and  thorax  into  a  single  mass,  which 
is  clearly  separated  from  the  abdomen  by  a  constriction,  as 
well  as  by  the  fact  that  the  maxillary  palpi  terminate  in  mov- 
able claws  instead  of  chelae.  Further,  the  extremity  of  the 
abdomen  is  not  furnished  with  a  terminal  hook,  or  "  sting." 

In  Thelyphonus  (fig.  149,  C)  the  abdomen  terminates  in  three 
post-abdominal  segments,  to  which  a  long  many-jointed  caudal 
appendage  is  attached ;  but  in  Phrymis  the  abdomen  ends  in 
a  button-like  segment.  The  first  pair  of  legs  is  the  longest 
(immensely  so  mF/uyiitis),  the  falces  are  not  chelate ;  and  the 
maxillary  palpi,  though  of  large  size,  and  sometimes  didactyle, 
do  not  form  true  chete.  The  genus  Thelyphonus  is  confined 
to  the  tropical  parts  of  Asia,  America,  and  Australia,  and  the 
genus  Phrymis  is  also  wholly  tropical. 

Order  II.  Araneida  or  Sph^rogastra. — This  order  in- 
cludes the  true  Spiders,  which  are  characterised  by  the  amal- 
gamation of  the  cephalic  and  thoracic  segments  into  a  single  mass, 
and  by  the  generally  soft,  unsegmentcd  abdomen,  attached  to  the 
cephalothorax  by  a  constricted  portion,  or  peduncle.  Respiration 
is  effected  by  pulmonary  sacs  in  combination  with  trachea.  (Hence 
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the  name  Piilmotrachcaria,  sometimes  applied  to  the  order.) 
The  nmiiber  of  the  puhiionary  sacs  is  smaller  in  the  true  Spiders 
than  in  the  Scorpions,  being  either  two  or  four,  opening  by  as 
many  stigmata  upon  the  under  surface  of  the  abdomen.  Usu- 
ally there  are  only  two  pulmonary  stigmata,  placed  just  be- 
hind the  peduncle  which  unites  the  cephalothorax  with  the 
abdomen,  on  the  lower  surface  of  the  latter.  In  the  Mygalidce. 
there  are  two  posterior  stigmata,  leading  into  pulmonary  sacs ; 
and  in  other  genera  there  are  also  two  additional  stigmata, 
which,  however,  open  into  tracheae,  and  not  into  pulmonary 
sacs. 

The  head  bears  two,  four,  six,  or  eight  simple  eyes;  the 
mandibles  are  simply  hooked,  and  are  perforated  by  the  duct 
of  a  gland  which  secretes  a  poisonous  fluid ;  and  the  maxillary 
palpi  are  never  chelate.  The  maxillary  palpi  of  the  females 
are  almost  always  leg-like,  and  are  often  of  the  same  form  in 
the  males.  The  latter,  however,  commonly  have  the  ends  of 
the  palpi  tumid,  in  which  case  they  appear  to  be  employed  for 
the  purpose  of  conveying  the  seminal  fluid  to  the  female,  thus 
exercising  a  reproductive  function. 

Spiders  (figs.  144,  151)  are  all  predaceous  animals,  and  many 


Fig.  151. — Araneida.    Theridion  riparium  (female). 


of  them  possess  the  power  of  constructing  webs  for  the  capture 
of  their  prey  or  for  lining  their  abodes.  For  the  production  of 
the  web,  Spiders  are  furnished  with  special  glands,  situated  at 
the  extremity  of  the  abdomen.  The  secretion  of  these  glands 
is  a  viscid  fluid,  which  hardens  rapidly  on  exposure  to  air,  and 
which  is  cast  into  its  proper,  thread-like  shape,  by  being  passed 
through  what  are  called  the  "spinnerets."  These  are  little 
conical  or  cylindrical  organs,  four  or  six  in  number,  situated 
below  the  extremity  of  the  abdomen,  and  possibly  to  be  re- 
garded as  modified  limbs.    The  excretory  ducts  of  the  glands 
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open  into  the  spinnerets,  each  of  which  has  its  apex  perforated 
by  a  great  number  of  minute  tubes,  through  which  the  secre- 
tion of  the  glands  has  to  pass  before  reaching  the  air.  Many- 
spiders,  however,  do  not  construct  any  web,  unless  it  be  for 
their  own  habitations,  but  hunt  their  prey  for  themselves. 

The  form  of  tke  web  has  been  employed  as  a  basis  of  classification  of  the 
Spiders,  and  amongst  its  numerous  modifications,  the  following  may  be 
specially  alluded  to  :  Some  forms  (such  as  the  common  Garden-Spiders) 
construct  a  web  in  the  form  of  an  incomplete  or  complete  circle,  with  lines 
radiating  from  the  centre.  These  have  been  termed  ' '  OrbitelaHa. "  Others 
— the  so-called  Retitelaria;" — smiply  spin  a  thin  suspended  sheet  for  their 
web.  Others  ("  Tubitelance  ")  construct  a  silken  tube,  inserted  in  any  acci- 
dental cavity,  its  mouth  being  open  and  guarded  by  more  or  fewer  threads. 
Lastly,  others  ("  Territela-rics'^)  spin  a  silken  tube  in  a  hole  formed  by  the 
animal  itself,  and  close  its  mouth  by  means  of  a  variously-constructed  lid. 

The  Spiders  are  oviparous,  and  the  young  pass  through  no 
metamorphosis  ;  but  they  cast  their  skins,  or  moult  repeatedly, 
before  they  attain  the  size  of  the  adult.  Most  Spiders  deposit 
their  eggs  in  silken  nests  or  cocoons,  often  beautifully  con- 
structed, and  sometimes  carried  about  by  the  females.  The 
males  are  generally  smaller  than  the  females,  and  of  rarer 
occurrence. 

Distribution  of  Arachnida  in  Time. — The  Arachnida 
are  only  very  rarely  found  in  a  fossil  condition.  As  far  as  is 
yet  known,  both  the  Scorpions  and  the  true  Spiders  appear 
to  have  their  commencement  in  the  Carboniferous  epoch,  the 
former  being  represented  by  the  celebrated  Cydophthalmus 
senior  (vom  the  Coal-measures  of  Bohemia,  and  by  the  Eoscorpius 
Carbonarius  of  the  Carboniferous  strata  of  Illinois.  Other 
Carboniferous  Arachnida  have  been  referred  to  the  genera 
Eophrynus,  Architarbus,  and  Mazonia.  Spiders  are  also  known 
to  occur  in  the  Jurassic  Rocks  (Solenhofen  Slates)  and  in  the 
Tertiary  period.  The  Mites,  Harvest-spiders,  and  Book-scor- 
pions have  been  detected  in  amber. 


CHAPTER  XXXVni.  I 

MYRIAPODA.  \ 

Class  IH.— Myriapoda.— The  Myriapoda  are  defined  as  ar- 
tiailatc  animals  in  Tvhich  the  head  is  distinct,  and  the  rc?naindcr 
oj  the  body  is  divided  into  nearly  similar  segments,  the  thorax 
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exhibiting  no  clear  line  of  demarcation  from  the  abdomen.  There 
is  one  pair  of  aJiteimcB,  and  the  nimiber  of  the  legs  is  always  more 
than  eight  pairs.    Respiration  is  by  trachecB. 

In  this  class— comprising  the  Centipedes  (figs.  152,  153)  and 


Fig.  152. — A,  Lithohitis  forjicatus,  enlarged  and  viewed  from  above  :  an  AnteniiE  ; 
f  Foot-jaws  ;  h  Head.    B,  Head  of  Lithobius  Leachii,  viewed  from  below  (after 
Newport) :  an  Antennse  ;  /"Hooked  foot-jaws  ;  /  Lower  lip,  composed  of  two  pieces. 
C,  Head  of  Lithobius  forjicatus,  viewed  from  above  (after  Gervais)  :  an  Antennae  ; 
e  Eye. 

the  Millepedes — the  integument  is  chitinous,  the  body  is  divided 
into  a  number  of  somites  provided  with  articulated  appendages, 
and  the  nervous  and  circulatory  organs  are  constructed  upon  a 
plan  similar  to  what  we  have  seen  in  Crustacea  and  Arach?iida. 
The  head  is  invariably  distinct,  and  there  is  no  marked  line  of 
demarcation  between  the  segments  of  the  thorax  and  those  of 
the  abdomen.  The  body,  except  in  Fauropus,  always  consists 
of  more  than  twenty  somites,  and  those  which  correspond  to 
the  abdomen  in  the  Arachnida  and  Jnsecta  are  always  provided 
with  locomotive  limbs.  "  The  head  consists  of  at  least  five, 
and  probably  of  six,  coalescent  and  modified  somites ;  and 
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some  of  the  anterior  segments  of  the  body  are,  in  many  genera, 
coalescent,  and  have  their  appendages  specially  modified  to 
subserve  prehension  "  (Huxley).  Pauropiis  has  only  nine  pairs 
of  legs  j  but,  with  this  exception,  eleven  pairs  of  legs  is  the 
smallest  number  known  in  the  order. 

The  respiratory  organs,  with  one  exception  (i.  e.,  Pauropus) 
agree  with  those  of  the  Insecta  and  of  many  of  the  Arachuida 
in  being  "  tracheae "  —  that  is  to  say,  tubes, 
which  open  upon  the  surface  of  the  body 
by  minute  apertures,  or  stigmata,"  and  the 
walls  of  which  are  strengthened  by  a  spirally- 
coiled  filament  of  chitine.  The  tracheae  may 
or  may  not  anastomose  with  one  another  as 
they  do  in  Insects. 

The  somites,  with  the  exception  of  the 
head  and  the  last  abdominal  segment,  are 
usually  undistinguishable  from  one  another, 
and  each  generally  bears  a  single  pair  of 
limbs.  In  some  cases,  however,  each  seg- 
ment appears  to  be  provided  with  two  pairs 
of  appendages  (fig.  154).  This  is  really  due 
to  the  coalescence  of  the  somites  in  pairs,  each 
apparent  segment  being  in  reality  composed 
of  two  amalgamated  somites.  This  is  shown, 
not  only  by  the  bigeminal  limbs,  but  also  by 
the  arrangement  of  the  stigmata,  which  in  the 
normal  forms  occur  on  every  alternate  ring 
only,  whereas  in  these  aberrant  forms  they  are 
found  upon  every  ring. 

The  head  always  bears  a  pair  of  jointed 
antennge,  resembling  those  of  many  Insects, 
and  behind  the  antennae  there  is  generally  a 
variable  number  of  simple  sessile  eyes.  In 
one  species  [Sattigera)  compound  faceted  eyes 
are  present ;  and  in  Pauropus  the  antennae 
are  bifid,  and  carry  many-jointed  appendages,  thus  differing 
wholly  from  the  antennae  of  Insects,  and  presenting  a  decided 
approximation  to  the  Crustacea. 

The  young  in  some  cases,  on  escaping  from  the  egg,  possess 
nearly  all  the  characters  of  the  parents,  except  that  the  number 
of  somites,  and  consequently  of  limbs,  is  always  less,  and  in 
creases  at  every  change  of  skin  ("  moult"  or  "  ecdysis  ").  In 


Fig.  153. — Centipede 
{Scoloj>e7uirct). 


most  cases,  however,  there  is  a  species  of  metamorphosis,  the 
embryo  being  at  first  either  devoid  of  locomotive  appendages, 
or  possessed  of  no  more  than  three  pairs  of  legs,  thus  re- 
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sembling  the  true  hexapod  Insects.  It  is  believed,  however, 
that  the  legs  of  these  hexapod  larvae  do  not  correspond  homo- 
logically  -with  the  three  pairs  of  legs  proper  to  adult  Insects. 
In  these  cases  the  number  of  legs  proper  to  the  adult  is  not 
obtained  until  after  several  moults,  the  entire  process  being 
stated  to  occupy  in  some  species  as  much  as  two  years,  before 
maturity  is  reached. 

The  Myriapoda  are  divided  into  three  orders — viz.,  the  Chi- 
lopoda,  the  Chilognatha,  and  the  Paiiropoda^  to  which  a  fourth, 
under  the  name  of  Onychophora,  must  be  provisionally  added 
for  the  reception  of  the  genus  Peripatiis. 

Order  I.  Chilopoda.  —  This  order  comprises  the  well- 
known  carnivorous  Centipedes  and  their  allies,  and  is  charac- 
terised by  the  number  of  legs  being  rarely  indefinitely  great 
(usually  from  15  to  20  pairs),  by  the  composition  of  the  an- 
tennas out  of  not  less  than  14  joints  (14  to  40  or  more),  and 
by  the  structure  of  the  masticating  organs.  These  consist  of 
a  pair  of  mandibles  with  small  palpi,  a  labium,  and  two  pairs 
of  "maxillipedes,"  or  foot-jaws,  of  which  the  second  is  hooked, 
and  is  perforated  for  the  discharge  of  a  poisonous  fluid.  There 
is  not  more  than  one  pair  of  legs  to  each  somite,  and  the  last 
two  limbs  are  often  directed  backwards  in  the  axis  of  the  body, 
so  as  to  form  a  kind  of  tail.  The  body  in  all  the  Chilopoda  is 
flattened,  and  the  generative  organs  open  at  the  posterior  end 
of  the  body. 

Scolopeiidra  (fig.  153),  Zithohius  (fig.  152),  and  Geophilus  are 
common  European  genera  of  this  order.  The  ordinary  Cen- 
tipedes of  this  country  are  perfectly  harmless  ;  but  those  of 
tropical  regions  sometimes  attain  a  length  of  a  foot,  or  more, 
and  these  are  capable  of  inflicting  very  severe,  and  even 
dangerous,  bites. 

Order  II.  Chilognatha, — This  order  comprises  the  vege- 
table-eating Millepedes  {lulidce),  the  Gallyworms  {Polydesnms), 
and  other  allied  forms.  The  order  is  characterised  by  the 
great  number  of  legs, — each  segment,  except  the  five  or  six 


Fig.  154. — Millepede  (luliis), 

anterior  ones,  bearing  two  pairs ;  by  the  composition  of  the 
antennas  out  of  six  or  seven  joints  ;  and  by  the  structure  of  the 
masticating  organs,  which  consist  of  a  pair  of  mandibles  with- 
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out  palps,  covered  by  a  lower  lip,  composed  of  the  confluent 
maxillse.  The  generative  apertures  are  placed  in  the  anterior 
portion  of  the  body. 

In  the  common  Millepede  {lulus)  the  body  is  composed  of 
from  forty  to  fifty  segments,  each  of  which  bears  two  pairs  of 
minute,  thread-like  legs.  The  luli  of  this  country  are  of  small 
size,  but  an  American  species  attains  a  length  of  more  than 
half  a  foot.  The  Glomerida,  or  "  Pill-Millepedes,"  live  under 
stones,  and  have  the  power  of  rolling  themselves  up  into  a 
ball. 

Order  III.  Pauropoda. — In  this  order  is  only  an  extra- 
ordinary little  Myriapod,  described  by  Sir  John  Lubbock 

under  the  name  of  Pauropus  (fig. 
155).  The  body  is  only  one- 
twentieth  of  an  inch  in  length, 
and  consists  of  ten  somites,  fur- 
nished with  scattered  setae.  There 
are  only  nine  pairs  of  legs,  of 
which  one  pair  is  carried  by  the 
3d  segment,  whilst  the  4th,  5th, 
6th,  and  yth  segments  czxxy  each 
two  pairs  of  legs,  and  may  there- 
fore be  regarded  as  really  double. 
The  head  is  composed  of  two  seg- 
ments, and  is  not  provided  with 
jaw-feet.  The  antennas  are  five- 
jointed,  bifid,  with  three  long  multi- 
articulate  appendages.  The  body 
is  white  and  colourless,  and  there 
are  no  tracheae,  so  that  respiration 
must  be  effected  entirely  by  the 
skin.  Pauropus  is  found  amongst 
decaying  leaves  in  damp  situations, 
and  species  have  been  described 
„     J.    rr   ,  .  ■      both  from  Britain  and  America. 

Fig-  xss.—Pattropus  Huxleyt,  view-  .    i  r  /^r  -r  j.  j 

ed  from  above^  and  enlarged  ^fifty    It  IS  Separated  irom  the  L/lllOpOaa 

by  its  small  number  of  legs,  the 
absence  of  foot -jaws,  and  the 
composition  of  the  antennae  out  of  no  more  than  five  joints. 

Order  IV.  Onychophora  (Grube).— In  the  West  Indies, 
South  Africa,  South  America,  and  New  Zealand  occur  examples 
of  a  peculiar  genus  of  animals,  which  has  been  named  Peri- 
patus,  and  has  been  at  different  times  referred  to  the  Errant 
Annelides,  the  Leeches,  the  Tapeworms,  or  the  Myriapoda. 
The  species  of  Peripatus  are  terrestrial  in  their  habits,  livmg 


diameters, 
bock.) 


(After  Sir  John  Lub- 
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in  moist  earth,  in  decayed  wood,  or  under  stones,  active  by 
night  only,  and  completely  worm-like  in  form.  The  cylin- 
drical body  (fig.  156)  is  annulated,  and  provided  with  nmiier- 


Fig.  156. — A,  Peripatus  Edwardsii,  magnified  two  diameters  ;  B,  Head,  viewed  from 
below,  enlarged  five  times  ;  C  and  D,  A  single  foot,  viewed  from  above  and  sideways, 
enlarged.    (After  Grube.) 

ous  pairs  of  ambulatory  feet,  which  are  jointed,  and  terminated 
by  one  or  two  hooked  claws  (fig.  156,  C  and  D),  sometimes 
with  a  bunch  of  setae.  The  animal  walks  like  a  caterpillar,  by 
means  of  its  feet,  and  rolls  up  like  a  Millepede  when  alarmed. 
The  mouth  is  furnished  with  one  or  two  pairs  of  horny  hooked 
jaws.  The  respiratory  organs,  as  recently  shown  by  Moseley, 
are  in  the  form  of  trachea,  which  open  externally  by  numerous 
diffused  apertures,  and  rarely  branch.  From  the  researches  of 
Moseley,  the  sexes  would  appear  to  be  distinct,  though  the 
animal  is  stated  to  be  hermaphrodite  by  Grube  and  Hutton. 
The  ventral  nerve-cords  are  widely  divergent. 

The  systematic  position  of  Peripatus  must  in  the  meanwhile 
be  regarded  as  doubtful,  the  animal  presenting  a  type  of  struc- 
ture intermediate  between  the  Errant  Annelides  and  the 
Myriapoda.  The  presence  of  tracheae,  however,  renders  it 
impossible  to  place  Peripatus  amongst  the  Annelida,  and  the 
affinities  of  the  genus  appear  to  be  closer  with  the  Myria- 
pods  than  with  any  other  group ;  though  the  wide  separation 
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of  the  ventral  nerve-cords,  along  with  other  points,  remove 
Peripatus  to  a  considerable  distance  from  the  normal  forms 
of  the  Myriapoda.  If  Peripatus  should  ultimately  be  retained 
in  the  Myriapoda,  it  would  be  as  well,  for  the  sake  of 
uniformity,  to  change  Grube's  name  of  Onychophora  to  that  of 
OnycJwpoda. 

Distribution  of  Myriapoda  in  Time. — About  twenty 
species  of  Myriapoda  are  known  as  fossils,  the  oldest  example 
of  the  order  having  been  found  in  the  Carboniferous  epoch. 
From  rocks  of  this  age  several  species  of  Chilognathous  Myria- 
pods  have  been  discovered.  The  best-known  forms  belong  to 
the  genera  Xylobius  and  Archiulus,  and  have  been  placed  in  a 
special  family  under  the  name  of  Archiulidce.  The  occurrence 
of  air-breathing  articulate  animals  (both  Arachnida  and  Myria- 
poda) in  the  Carboniferous  period  is  noticeable,  as  being  con- 
temporaneous with  the  earliest-known  terrestrial  Molluscs. 


CHAPTER  XXXIX. 
INSECT  A. 

GENERAL  CHARACTERS  OF  THE  INSECTA. 

Class  IV. — Insecta. — The  Insecta  are  defined  as  articulate 
animals  in  which  the  head,  thorax,  and  abdomen  are  distinct ; 
there  are  three  pairs  of  legs  borne  on  the  thorax ;  the  abdomen 
is  destitute  of  legs  ;  a  single  pair  of  antenncR  is  present ;  mostly, 
there  are  two  pairs  of  wings  on  the  thorax.  Respiration  is 
effected  by  trachecB. 

In  the  Insecta  the  body  is  divided  into  a  variable  number  of 
defiinite  segments,  or  somites,  some  of  which  are  furnished 
Avith  jointed  appendages,  and  the  nervous  and  circulatory 
systems  are  constructed  upon  essentially  the  same  plan  as  in 
the  Crustacea,  AracJmida,  and  Myriapoda.  Tlie  head,  thorax, 
and  abdomen  are  distinct  (figs.  i57»  158),  and  the  total  number 
of  somites  in  the  body  never  exceeds  twenty.  "  Of  these,  five 
certainly,  and  six  probably"  (according  to  some  authorities,  four 
only),  "constitute  the  head,  which  possesses  a  pair  of  antennas, 
a  pair  of  mandibles,  and  two  pairs  of  maxilla,  the  hinder  part 
of  which  are  coalescent,  and  form  the  *  labium.'  Three,  or 
perhaps,  in  some  cases,  more,  somites  unite  and  become 
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specially  modified  to  form  the  thorax,  to  which  the  three  pairs 
of  locomotive  limbs,  characteristic  of  perfect  Insects,  are 
attached.  Two  additional  pairs  of  locomotive  organs,  the 
wings,  are  developed,  in  most  insects,  from  the  tergal  walls  of 
the  second  and  third  thoracic  somites.  No  locomotive  limbs 
are  ever  developed  from  the  abdomen  of  the  adult  insect ;  but 
the  ventral  portions  of  the  abdominal  somites,  from  the  eighth 
backwards,  are  often  metamorphosed  into  apparatuses  ancillary 
to  the  generative  function  "  (Huxley). 

The  integument  of  the  Insecta,  in  the  mature  condition,  is 
more  or  less  hardened  by  the  deposition  of  chitine,  and  usu- 
ally forms  a  resisting  exo- 
skeleton,  to  which  the 
muscles  are  attached. 
The  segments  of  the  head 
are  amalgamated  into  a 
single  piece,  which  bears 
a  pair  of  jointed  feelers 
or  antennse,  a  pair  of 
eyes,  usually  compound, 
and  the  appendages  of 
the  mouth.  The  seg- 
ments of  the  thorax  are 
also  amalgamated  into  a 
single  piece;  but  this, 
nevertheless,  admits  of 
separation  into  its  con- 
stituent three  somites 
(figs.  157,  158).  These 
are  termed  respectively, 
from  before  backwards, 
the  "prothorax,"  "meso- 
thorax," and  "metatho- 
rax," and  each  bears  a 

pair  of  jointed  legs.     In  ^'g-  157— Diagram  of  insect,    a  Head,  carrying 

the  p-rPflt-  mainrihr  nf  Ti-.  '^^  ^^^^          antennae.;   b  Prothorax,  carrying 

llie  great  majority  Ot  In-  the  first  pair  of  legs;  c  Mesothorax,  carrying 

sects,    the    dorsal  arches  ^\  second  pair  of  legs  and  first  pair  of  wings"; 

r    .1                                       -t  Metathorax,  with  the  third  pair  of  legs  and 

01    tne    mesothorax  and  the  second  pair  of  wings;  ^  Abdomen, -without 

metathorax    give     orimn  leaving  terminal  appendages  subser- 

£,i.yv,     wiigm  vient  to  reproduction. 

each  to  a  pair  of  wings. 

Each  leg  consists  of  from  six  to  nine  joints  (see  fig.  161). 
The  first  of  these,  which  is  attached  to  the  sternal  surface  of 
the  thorax,  is  called  the  "  coxa,''  and  is  succeeded  by  a  short 
joint,  termed  the  "trochanter."  The  trochanter  is  followed 
by  a  joint,  often  of  large  size,  called  the  "femur,"  succeeded 
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by  the  so-called  "tibia,"  and  this  has  articulated  to  it  the 
"  tarsus,"  which  may  be  composed  of  from  one  to  five  joints. 
The  wmgs  of  Insects  are  expansions  of  the  sides  of  the 


Fig.  158.— A,  One  of  the  Dragon-flies  {y^shua  grajidis),  slightly  dissected  :  h  Head, 
carrying  the  eyes,  antennae,  and  organs  of  the  mouth ;  t  t'  t"  First,  second,  and 
third  segments  of  the  thorax  slightly  separated  from  one  another,  each  carrj-ing  a 
pair  of  legs,  and  the  two  last  carrying  each  a  pair  of  wings  ;  a  Tail  or  abdomen.  B, 
Young  form,  or  "  larva,"  of  the  same.  C,  Second  stage,  or  "  pupa."  D,  Head  of  a 
Dragon-fly  (Libellula  depressa),  showing  the  feelers  or  antennae  the  eyes  [e  e), 
the  hinder  pair  of  jaws  {tn),  and  the  upper  lip  {/). 

meso-  and  meta-thorax,  these  expansions  being  supported  by 
slender  but  firm  tubes,  known  as  the  "  nervures."  Each  nerv- 
ure  consists  of  a  central  trachea  or  air-tube,  running  in  the 
centre  of  a  larger  blood-tube ;  so  that  the  wings  not  only  act 
as  organs  of  flight,  but  at  the  same  time  assist  in  the  process 
of  respiration.  Normally,  two  pairs  of  wings  are  present,  but 
one  or  other  may  be  wanting.  In  the  Coleoptera  (Beetles)  the 
anterior  pair  of  wings  becomes  hardened  by  the  deposition 
of  chitine,  so  as  to  form  two  protective  cases  for  the  hinder 
membranous  wings.  In  this  condition  the  anterior  wings  are  | 
known  as  the  "elytra,"  or  "wing-cases."     In  some  of  the 
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Hemiptera  this  change  only  affects  the  inner  portions  of  the 
anterior  wings,  the  apices  of  which  remain  membranous,  and 
to  these  the  term  "hemelytra"  is  apphed.  In  the  Diptera  the 
posterior  pair  of  wings  are  rudimentary,  and  are  converted 
into  two  capitate  filaments,  called  "halteres"  or  "balancers." 
In  the  Strepsiptera  the  anterior  pair  of  wings  are  rudimentary, 
and  are  converted  into  twisted  filaments. 

The  typical  number  of  somites  in  the  abdomen  of  the  In- 
seda  is  eleven,  and  this  number  can  often  be  recognised  in 
the  Neuroptera  and  in  some  other  forms.  In  the  Hymenoptera 
and  Lepidoptera  not  more  than  ten  can  be  recognised,  and  in 
other  cases  even  fewer  can  be  made  out.  The  abdominal 
somites  are  usually  more  or  less  freely  movable  upon  one  an- 
other, and  never  carry  locomotive  limbs.  The  extremity  of 
the  abdomen  is,  however,  not  infrequently  furnished  with  ap- 
pendages, which  are  connected  with  the  generative  function, 
and  not  infrequently  serve  as  offensive  and  defensive  weapons. 
Of  this  nature  are  the  ovipositors  of  Ichneumons  and  other 
insects,  and  the  sting  of  Bees  and  Wasps.  In  the  Earwig 
[Forficula)  these  caudal  appendages  form  a  pair  of  forceps ; 
whilst  in  many  Insects  they  are  in  the  form  of  bristles,  by 
which  powerful  leaps  can  be  effected,  as  is  seen  in  the  Spring- 
tails  \PodiircB).  In  some  insects  (as  the  Mole-cricket  and 
Cockroach),  the  ninth  or  tenth  abdominal  segment  carries 
jointed  antenniform  appendages,  which,  though  perhaps  par- 
tially or  even  primarily  generative  in  function,  are  certainly 
organs  of  sense,  being  connected  with  smell  or  hearing. 

The  organs  about  the  mouth  in  Insects  are  collectively 
termed  the  "trophi,"  or  instrumenta  cibaria."  Two  principal 
types  require  consideration — namely,  the  masticatory  and  the 
suctorial — both  types  being  sometimes  modified,  and  occasion- 
ally combined. 

In  the  Masticatory  Insects,  such  as  the  Beetles  (fig.  159,  i), 
the  trophi  consist  of  the  following  parts,  from  before  back- 
ward:  I.  An  upper  lip,  or  "labrum,"  attached  below  the 
front  of  the  head  ;  2.  A  pair  of  biting-jaws,  or  "  mandibles  ; " 
3.  A  pair  of  chewing-jaws,  or  "maxillae,"  provided  with  one 
or  more  pairs  of  "maxillary  palps,"  or  sensory  and  tactile 
filaments  ;  4.  A  lower  lip,  or  "  labium,"  composed  of  a  second 
coalescent  pair  of  maxillse,  and  also  bearing  a  pair  of  palpi, 
the  "  labial  palps."  The  primitive  form  of  the  labium — that, 
namely,  of  a  second  pair  of  maxillae — is  more  or  less  per- 
fectly retained  by  the  OrtJioptcra  and  some  of  the  Neuroptera. 
The  lower  or  basal  portion  of  the  labium  is  called  the  "  men- 
tum,"  or  chin,  whilst  the  upper  portion  is  more  flexible, 
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and  IS  termed  the  "  ligula."     The  central  portion  of  the 
hgula  IS  ^  often  developed  into  a  kind  of  tongue,  which  is 
very  distinct  in  some  Insects  (as  in  Bees),  and  is  termed  the 
lingua." 

In  the  typical  suctorial  mouth,  as  seen  in  the  Butterflies 
(fig-  i59»  2)  the  following  is  the  arrangement  of  parts:  The 


Fig.  159. — Organs  of  the  mouth  in  Insects,  i.  Trophi  of  a  masticating  insect  (Beetle): 
a  Labrum  or  upper  lip ;  b  Mandibles ;  c  Maxills  with  their  palpi ;  d  Labium,  or 
lower  lip,  with  its  palpi.  2.  Mouth  of  a  Butterfly:  <?  Eye  ;/ Base  of  antenna  ;  ^ 
Labial  palp  ;  //  Spiral  trunk  or  "  ajitlia."  3.  Mouth  of  a  Hemipterous  Insect  (A>/a 
cinerea) :  I  Labium*;  m  Maxillae  ;  n  Mandibles. 

labrum  and  the  mandibles  are  now  quite  rudimentary;  the 
first  pair  of  maxills  is  greatly  elongated,  each  maxilla  forming 
a  half-tube.  These  maxillae  adhere  together  by  their  inner 
surfaces,  and  thus  form  a  spiral  "trunk,"  or  "antlia"  (inap- 
propriately called  the  "  proboscis  "),  by  which  the  juices  of 
flowers  are  sucked  up.  Each  maxilla,  besides  the  half  tube 
on  one  side,  contains  also  a  tube  in  its  interior ;  consequently 
on  a  transverse  section  the  trunk  is  found  really  to  consist  of 
three  canals,  one  in  the  interior  of  each  maxilla,  and  the 
third  formed  between  them  by  their  apposition.  To  the  base 
of  the  trunk  are  attached  the  maxillary  palpi,  which  are  ex- 
tremely small.  Behind  the  trunk  is  a  small  labium,  composed 
of  the  united  second  pair  of  maxillae.  The  "  labial  palpi "  are 
greatly  developed,  and  form  two  hairy  cushions,  between 
which  the  trunk  is  coiled  up  when  not  in  use. 

In  the  Bee  there  exists  an  intermediate  condition  of  parts, 
the  mouth  being  fitted  partly  for  biting,  and  partly  for  suction. 
The  labrum  and  mandibles  are  well  developed,  and  retain 
their  usual  form.  The  maxillae  and  the  labium  are  greatly 
elongated ;  the  former  being  apposed  to  the  lengthened  tongue 


ANNULOSA:  INSECTA. 


321 


in  such  a  manner  as  to  form  a  tubular  trunk,  which  cannot  be 
rolled  up,  as  in  the  Butterflies,  but  is  capable  of  efficient  suc- 
tion.   The  labial  palpi  are  also  greatly  elongated. 

In  the  Hemiptera,  the  "trophi"  consist  of  four  lancet-shaped 
needles,  which  are  the  modified  mandibles  and  maxillse,  en- 
closed in  a  tubular  sheath  formed  by  the  elongated  labium 
(fig.  159,  3).  Lastly,  in  the  Diptei'a  —  as  in  the  common 
House-fly — there  is  an  elongated  labium,  which  is  channelled 
on  its  upper  surface  for  the  reception  of  the  mandibles  and 
maxillse,  these  being  modified  into  bristles  or  lancets. 

The  mouth  in  the  Masticating  Insects  leads  by  a  pharynx 
and  oesophagus  into  a  mem- 
branous, usually  folded,  sto- 
mach —  the  "  crop,"  or  "  iiv 
gluvies  " — from  which  the  food 
is  transmitted  to  a  second 
muscular  stomach,  called  the 
"gizzard"  (fig.  160).  The  giz- 
zard, or  proventnculus,is  adap- 
ted for  crushing  the  food,  often 
having  plates  or  teeth  of  chi- 
tine  developed  in  its  walls,  and 
is  succeeded  by  the  true  di- 
gestive cavity,  called  the  "  chy- 
lific  stomach  "  {ventnadus  chy- 
lopoieticus).  From  this  an  in- 
testine of  variable  length  pro- 
ceeds, its  terminal  portion,  or 
rectum,  opening  into  a  dilata- 
tion which  is  common  to  the 
ducts  of  the  generative  organs, 
and  is  termed  the  "cloaca." 
The  cesophagus  is  furnished 
with  salivary  glands  of  varying 
size  and  complexity,  which  in 

the  larva  secrete  the  silk,  and    ^'^A  160.  — Digestive  system  of  a  Beetle 

open  by  a  single  duct,  furnish-  Spf  "ciSfi  ChyiS°sSS=;  ^ 
ed  with  a  spinneret  and  devel-  ISafgiands''^^''^'^"'"''"^' 
oped  upon  the  labium.  (In  '  e^n  s. 
some  forms,  however,  the  spinneret  is  placed  at  the  extremity 
of  the  abdomen).  No  true  liver  is  present,  but  the  stomach 
IS  Imed  by  secretmg  cells,  which  appear  to  exercise  an  hepatic 
tunction.  Behmd  the  pyloric  aperture  of  the  stom'ach  with 
very  few  exceptions,  is  a  variable  number  of  cjecal  convoluted 
tubes  (fig.  160,  e\  which  open  into  the  intestine,  and  are  called 
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the  "  Malpighian  tubes."  These  vessels  are  now  generally  re- 
garded as  discharging  a  renal  function,  and  as  corresponding 
Avith  the  kidneys  of  the  higher  animals.  There  are  no  absor- 
bent vessels,  and  the  products  of  digestion  simply  transude 
through  the  walls  of  the  alimentary  canal  into  the  sinuses  or 
irregular  cavities  which  exist  between  the  abdominal  organs. 
The  apparatus  of  digestion  does  not  differ  essentially  from  the 
above  in  any  of  the  Insects  ;  but  the  alimentary  canal  is,  gen- 
erally speaking,  considerably  lengthened  in  the  herbivorous 
species. 

There  is  no  regular  and  definite  course  of  the  circulation  in 
the  Insects.  The  propulsive  organ  of  the  circulation  is  a  long 
contractile  cavity,  situated  in  the  back  and  termed  the  "  dorsal 
vessel"  (fig.  i6i,  h).    This  is  composed  of  a  number  of  sacs 


Fie  i6i  — Ideal  transverse  section  of  an  Insect,  h  Dorsal  vessel ;  i  Intestine  :  «  Ven- 
Tral  Nerve-cord ;  t  t  Stigmata,  leading  into  the  branched  tracheal  tubes  ;  w  m  wings  ; 
a  Coxa  of  one  leg  ;  l>  Trochanter  ;  c  Femur ;  d  Tibia  ;  e  Tarsus.    (After  Packard). 

(ordinarily  eight),  opening  into  one  another  by  valvular  aper- 
tures, which  allow  of  a  current  in  one  direction  only— viz.,  to- 
wards the  head.  The  blood  is  collected  from  the  irregular 
venous  sinuses  which  are  formed  by  the  lacunae  and  interstices 
between  the  tissues,  and  enters  the  dorsal  vessel  from  behind, 
and  by  lateral  valvular  openings ;  it  is  then  driven  forwards, 
and  is  expelled  at  the  anterior  extremity  of  the  body.  The 
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blood  of  the  Insecia  is  corpusculated,  and  usually  colourless. 
Whilst  the  general  belief  is  that  there  is  no  regular  system  of 
blood-vessels  (arteries  and  veins),  and  that  the  blood  simply 
circulates  through  the  interstices  of  the  tissues,  some  observers 
affirm  the  partial  existence  of  true  vessels,  and  others  maintain 
that  the  blood  circulates  in  the  spaces  between  the  tracheae 
and  their  enveloping  sheaths,  which  thus  become  converted 
into  blood-vessels. 

Respiration  is  effected  by  means  of  "  tracheae,"  or  branched 
tubes,  which  commence  at  the  surface  of  the  body  by  lateral 
apertures,  called  "  stigmata,"  or  "  spiracles,"  and  ramify  through 
every  part  of  the  animal.  In  structure  the  tracheae  are  mem- 
branous, but  tlieir  walls  are  strengthened  by  a  chitinous  fila- 
ment, which  is  rolled  up  into  a  continuous  spiral  coil.  In  the 
aquatic  larvae  of  many  insects,  and  in  one  adult  insect,  branches 
of  the  tracheae  are  sent  to  temporary  outgrowths  which  are 
termed  "  tracheal  gills,"  and  in  which  the  blood  is  oxygenated. 
In  all,  however,  except  the  single  insect  above  mentioned, 
these  temporary  internal  or  external  appendages  fall  off  when 
maturity  is  attained.  The  wings,  also,  whilst  acting  as  loco-  ^ 
motive  organs,  doubtless  subserve  respiration,  the  nervures 
being  hollow  tubes  filled  with  blood  and  enclosing  tracheae. 

The  nervous  system  in  Insects,  though  often  concentrated 
into  special  masses,  consists  essentially  of  a  chain  of  ganglia, 
placed  ventrally,  and  united  together  by  a  series  of  double 
cords  or  commissures.  The  cephalic  or  "  prae-oesophageal " 
ganglia  are  of  large  size,  and  distribute  filaments  to  the  eyes 
and  antennse.  The  post-oesophageal  ganglia  are  united  to  the 
preceding  by  cords  which  form  a  collar  round  the  gullet,  and 
they  supply  the  nerves  to  the  mouth,  whilst  the  next  three 
ganglia  furnish  the  nerves  to  the  legs  and  wings.  In  larvae, 
thirteen  pairs  of  ganglia  may  often  be  recognised.  In  the 
adults,  however,  of  the  higher  groups  of  Insects  (such  as  the 
Coleoptera,  Hynicnoptcra,  Diptera^  and  Lepidoptera),  the  thoracic 
gangha  coalesce  into  a  single  mass. 

The  organs  of  sense  are  the  eyes  and  antennse.  The  eyes 
in  Insects  are  usually  "  compound,"  and  are  composed  of  a 
number  of  hexagonal  lenses,  united  together,  and  each  sup- 
plied with  a  separate  nervous  filament.  Besides  these,  simple 
eyes — ''ocelli,"  or  "stemmata," — are  often  present,  or,  in  rare 
cases,  may  be  the  sole  organs  of  vision.  In  structure  these 
resemble  the  single  elements  of  the  compound  eyes.  In  a  few 
cases  the  eyes  are  placed  at  the  extremities  of  stalks  or  pedun- 
cles, but  in  no  case  are  these  peduncles  movably  articulated 
to  the  head,  as  is  the  case  in  the  Podophthalmous  Crustaceans. 
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The  antennae  are  movable,  jointed  filaments,  attached  usually  : 

close  to  the  eyes,  and  varying  much  in  shape  in  different  In-  1 
sects.    They  doubtless  discharge  the  functions  of  tactile  organs, 

but  are  probably  the  organ  of  other  more  recondite  senses  in  i 

addition.  i 

The  sexes  in  Insects  are  in  different  individuals,  and  most  ; 

are  oviparous.    The  ovum  undergoes  partial  segmentation;  : 

and  the  embryo  has  its  future  ventral  surface  turned  outwards,  i 
and  its  dorsal  surface  inwards.    Generally  speaking,  the  young 

insect  is  very  different  in  external  characters  from  the  adult,  1 

and  it  requires  to  pass  through  a  series  of  changes,  which  con-  ^ 

stitute  the  "metamorphosis,"  before  attaining  maturity.    In  i 

some  Insects,  however,  there  appears  to  be  no  metamorphosis,  i 

and  in  some  the  changes  which  take  place  are  not  so  striking  t 

or  so  complete  as  in  others.    By  the  absence  of  metamor-  ; 

phosis,  or  by  the  degree  of  its  completeness  when  present,  s 

Insects  are  divided  into  sections,  called  respectively  Ameta-  t 

bola,  Hemimetahola,  and  Holometabola,  which,  though  not,  per-  [ 

haps,  of  a  very  high  scientific  value,  are  nevertheless  very  con-  ; 

venient  in  practice.  i 

Section  i.  Ainetaholic  Insects. — These  pass  through  no  meta-  1 

morphosis,  and  also,  in  the  mature  condition,  are  destitute  of  11 

wings.    The  young  of  these  insects  {Aptera)  on  escaping  from  '  c 

the  ovum  resemble  their  parents  in  all  respects  except  in  size ;  t 

and  though  they  may  change  their  skins  frequently,  they  under-  \. 

go  no  alteration  before  reaching  the  perfect  condition,  except  ti 

that  they  grow  larger.                                                   _  i: 

Section  2.  Heniiinetabolic  Insects. — In  the  insects  belonging  j 
to  this  section  there  is  a  metamorphosis  consisting  of  three 
stages.  The  young  on  escaping  from  the  ovum  is  termed  the 
"  larva ; "  when  it  reaches  its  second  stage  it  is  called  the 
"pupa,"  or  "nymph;"  and  in  its  third  stage,  as  a  perfect 
insect,  it  is  called  the  "imago."  In  the  Hemimetabola,  the 
"larva,"  though  of  course  much  smaller  than  the  adult,  or 
"  imago,"  differs  from  it  in  little  else  except  in  the  absence  of 
wings.  It  is  active  and  locomotive,  and  is  generally  very  like 
the  adult  in  external  appearance.    The  "pupa,"  again,  is  a 

litde  larger  than  the  larva,  but  really  differs  from  it  in  nothing  I  . 

else  than  in  the  fact  that  the  rudiments  of  wings  have  now  I  . 

appeared,  in  the  form  of  lobes  enclosed  in  cases.    The  "  pupa  "  I , 

is  still  active  and  locomotive,  and  the  term  "  nymph  "  is  usually  ■  ■ 

applied  to  it.    The  pupa  is  converted  into  the  perfect  insect,  ■ , 

or  "  imago,"  by  the  liberation  of  the  wings,  no  other  change  ■  ] 

,                 being  requisite  for  this  purpose.   From. the  comparatively  small  ■: 

amount  of  difference  between  these  three  stages,  and  from  the  ■  , 
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In 

Dragon-flies 


active  condition  of  the  pupa,  this  kind  of  metamorphosis  is  said 
to  be  "  incomplete." 

some  members  of  this  section,  however— such  as  the 
the  larva  and  pupa  are  aquatic,  whereas  the 
imago  leads  an  aerial  life.  In  these  cases  (fig.  158)  there  is 
necessarily  a  considerable  difference  between  the  larva  and  the 
adult ;  but  the  larva  and  pupa  are  closely  alike,  and  the  latter 

IS  3.CtlVC» 

Section  3.  Holometabolic  Insects.— T\its^  —  c.oxa-^x\%mg  the 
Butterflies,  Moths,  Beetles,  &c.— pass  through  three  stages 
which  differ  gready  from  one  another  in  appearance,  the  meta- 
morphosis, therefore,  being  said  to  be  "  complete."    In  these 
insects  (fig.  162)  the  "larva"  is  vermiform,  segmented,  and 
usually  provided  with  locomo- 
tive feet,  which  do  not  corre- 
spond Avith  those  of  the  adult, 
though  these  latter  are  usually 
present  as  well  (fig.  162).  In 
some  cases  the  larva  is  desti- 
tute of  legs,  or  is  "apodal." 
The  larva  is  also  provided 
with  masticatory  organs,  and 
usually  eats  voraciously.  In 
this  stage  of  the  metamor- 
phosis the  larvse  constitute 
what  are  usually  called  "  ca- 
terpillars" and  "grubs."  Hav- 
ing remained  in  this  condi- 
tion for  a  longer  or  shorter 
length  of  time,  and  having 
undergone  repeated  changes 
of  skin,  or  "moults,"  necessi- 
tated by  its  rapid  growth,  the 
larva  passes  into  the  second 
stage,  and  becomes  a  "pu- 
pa."   The  insect  is  now  per- 
fectly quiescent,  unless  touched  or  otherwise  irritated ;  is  incap- 
able of  changing  its  place  ;  and  is  often  attached  to  some  foreign 
object.    This  constitutes  what — in  the  case  of  the  Lepidoptei-a — 
is  generally  known  as  the  "chrysalis,"  or  "aurelia"  (fig.  162). 
The  body  of  the  pupa  is  usually  covered  by  a  chitinous  pellicle, 
which  closely  invests  the  animal.    In  some  cases  {e.g.^  in  many 
Dipterous  insects)  no  traces  of  the  future  insect  can  be  detected 
in  the  pupa  by  external  inspection ;  but  in  the  Lepidoptera  the 
thorax  and  abdomen  are  distinctly  recognisable  in  the  pupje  ; 


Fig. 


162. —  Metamorphosis  of  the  Magpie- 
moth  {Phalcsiia  grossulariata.) 
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whilst  in  others  {e.g.,  Hymenoptera)  the  parts  of  the  pupa  are 
merely  covered  by  a  membrane,  and  are  quite  distinct.  In 
some  cases  the  pupa  is  further  protected  within  the  dried  skin 
of  the  larva ;  and  in  other  cases  the  larva — immediately  before 
entering  upon  the  pupa-stage  —  spins,  by  means  of  special 
organs  for  the  purpose,  a  protective  case,  which  surrounds  the 
chrysalis,  and  is  termed  the  "  cocoon." 

Having  remained  for  a  variable  time  m  the  quiescent  pupa- 
stage,  and  having  undergone  the  necessary  development,  the 
insect  now  frees  itself  from  the  envelope  which  obscured  it, 
and  appears  as  the  perfect  adult,  or  "  imago,"  characterised  by 
the  possession  of  wings. 

Sexes  of  Insects. — The  great  majority  of  Insects,  as  is  the 
case  with  most  of  the  higher  animals,  consists  of  male  and 
female  individuals ;  but  there  occur  some  striking  exceptions 
to  this  rule,  as  seen  in  the  Social  Insects.  In  those  organised 
communities  which  are  formed  by  Bees,  Ants,  and  Termites, 
by  far  the  greater  number  of  the  individuals  which  compose 
the  colony  are  either  undeveloped  females,  or  are  of  no  fully 
developed  sex.  This  is  the  case  with  the  workers  amongst 
Bees,  and  the  workers  and  soldiers  amongst  Ants  and  Ter- 
mites. And  these  sterile  individuals,  or  "  neuters,"  as  they  are 
commonly  called,  are  not  necessarily  all  alike  in  structure  and 
external  appearance.  Amongst  the  Bees,  all  the  neuters  re- 
semble one  another ;  but  amongst  Ants  and  Termites  they  are 
often  divided  into  "  castes,"  which  have  different  functions  to 
perform  in  the  general  polity,  and  differ  from  one  another 
greatly  in  their  characters. 

The  organs  of  the  two  sexes  are  in  no  case  united  in  the 
same  individual,  or,  in  other  words,  there  are  no  hermaphrodite 
insects.  (In  some  abnormal  cases  amongst  Bees,  Lepidoptera, 
&c.,  hermaphrodite  individuals  have  been  observed.)  As 
has  been  noticed,  however,  before,  asexual  reproduction 
is  by  no  means  unknown  amongst  the  Lisecta,  and  the  attend- 
ant phenomena  are  often  of  extreme  interest.  (See  Intro- 
duction.) 

The  great  majority  of  insects,  during  their  adult  condition, 
are  terrestrial  or  aerial  in  their  habits,  but  in  many  cases,  even 
of  these,  the  larvae  are  aquatic.  Many  other  insects  live 
habitually  during  all  stages  of  their  existence  in  fresh  water. 
A  few  insects  inhabit  salt  water  (either  the  sea  itself  or  mland 
salt  waters)  during  the  whole  or  a  portion  of  their  existence. 
(This  is  the  case  with  two  or  three  Beetles  of  the  families 
Hydrophilidce  and  Dytiscidcz,  some  Hemipterous  Insects,  and 
the  larv^  of  various  Diptcra.)     Lastly,  many  insects  live 
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parasltically  upon  the  bodies  of  Birds  or  Mammals,  or  upon 
other  Insects. 

Distribution  of  Insects  in  Time. —The  most  ancient 
remains  of  Insects  at  present  known  to  us  are  from  the  Devon- 
ian Rocks  of  North  America.  Here  occur  several  forms 
apparently  belonging  to  the  Neuroptera  (or  Pseudo-neuroptera). 
In  the  Carboniferous  Rocks  the  remains  of  Insects  are  more 
abundant,  and  we  find  examples  of  several  orders  (such  as  the 
Coleoptera,  Orthoptera,  and  Neuroptera).  The  orders  Ilymeji- 
optera  and  Lepidoptera  do  not  occur  till  the  Secondary  Period 
is  reached ;  and  in  the  Tertiary  Rocks  we  find  representatives 
of  almost  all  the  existing  orders.  Amber,  which  is  a  fossil 
resin,  has  long  been  known  to  contain  many  insects  in  its 
interior  (in  certain  specimens) ;  and  all  of  these  appear  to 
belong  to  extinct  species,  though  amber,  geologically  speaking, 
is  not  an  ancient  product. 


CHAPTER  XL. 

DIVISIONS  OF  INSECTA. 

The  class  Insecta  includes  such  an  enormous  number  of 
species,  genera,  and  families,  that  it  would  be  impossible  to 
treat  of  these  satisfactorily  otherwise  than  in  a  treatise  espe- 
cially devoted  to  entomology.  Here  it  will  be  sufficient  to  give 
simply  the  differential  characters  of  the  different  orders,  draw- 
ing attention  occasionally  to  any  of  the  more  important  points 
in  connection  with  any  given  family. 

As  already  said,  the  Insecta  are  divided  into  three  divisions, 
termed  Ametabola,  Jlemhnetabola,  and  Holometabola,  according 
as  they  attain  the  adult  condition  without  passing  through  a 
metamorphosis,  or  have  an  incomplete  or  complete  metamor- 
phosis. The  Insects  which  come  under  the  first  head  (viz., 
Ainetahola)  are  not  furnished  with  wings  in  tlie  adult  condition, 
and  the  four  orders  which  compose  this  section  are  commonly 
grouped  together  under  the  name  Aptera.  By  some,  however, 
this  division  is  entirely  rejected,  and  the  orders  in  question 
are  placed  amongst  the  Hemimctabola,  or  even  grouped  with 
the  Afyriapoda.  Indeed,  it  is  certain  that  the  orders  of  the 
so-called  Apterous  Insects  are  not,  strictly  speaking,  scientific 
divisions.  It  is,  however,  a  matter  of  convenience  to  retain 
them  in  a  separate  form,  as  it  is  by  no  means  absolutely 
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certain  how  they  may  most  naturally  be  distributed  amongst 
the  higher  orders. 

Sub-class  I.  Ametabola.  —  Young  not  passing  through  a 
metamorphosis,  and  differing  from  the  adult  in  size  only.  Imago 
destitute  of  wings  ;  eyes  simple,  sometimes  wanting. 

Order  L  Anoplura. — Minute  Aptera,  in  which,  the  mouth 
is  formed  for  suction  ;  and  there  are  two  simple  eyes. 

This  order  comprises  insects  which  are  commonly  parasitic 
upon  man  and  other  animals,  and  are  known  as  Lice  {Pedi- 
culi).    The  common  Louse  (fig.  163,  a)  is  furnished  with  a 


Fig.  163. — Morphology  of  Aptera.  A,  Pedkubis  humanm  capitis;  B,  Docophorus 
hainaius,  one  of  the  Bird-lice  ;  C,  Catjipodea  ;  D,  Degeeria,  one  of  the  Podurid<F ; 
E,  Scale  of  a  Podurid,  as  seen  under  the  microscope  ;  F,  Degeeria  purpiirasccns. 
All  the  figures  are  greatly  enlarged.    (After  Packard  and  Gervais.) 


simple  eye,  or  ocellus,  on  each  side  of  a  distinctly  differen- 
tiated head,  the  under  surface  of  which  bears  a  suctorial 
mouth.  There  is  little  distinction  between  the  thorax  and 
abdomen,  but  the  segments  of  the  former  carry  three  pairs 
of  legs.  The  legs  are  short,  with  short  claws  or  with  two 
opposing  hooks,  affording  a  very  firm  hold.  The  body  is 
flattened  and  nearly  transparent,  distinctly  segmented,  and 
showing  the  stigmata  very  plainly.    The  young  pass  through 
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no  metamorphosis,  and  their  multiplication  is  extremely  rapid. 
Many  Mammals  are  infested  by  Lice,  the  same  animal  often 
being  subject  to  the  attacks  of  more  than  one  species  of  Louse. 
Three  species  commonly  attack  man — viz.,  Pedicuh^s  hiimamis 
corporis,  P.  capitis,  P.  pubis;  and  a  fourth  species  (P. 
iabescentium)  is  of  rare  occurrence,  and  gives  rise  to  the  loath- 
some disease  known  as  Phthiriasis. 

The  Lice  are  now  very  commonly  associated  with  the 
Hemiptera,  of  which  they  are  regarded  as  constituting  a 
degraded  and  aberrant  group. 

Order  11.  Mallophaga. — Minute  Aptera,  in  which  the 
mouth  is  formed  for  biting,  and  is  furnished  with  mandibles 
and  maxillcB. 

The  members  of  this  order  (fig.  163,  B)  are  commonly  known 
as  "  Bird-lice,"  being  parasitic,  sometimes  upon  Mammals,  but 
mostly  upon  Birds.  They  strongly  resemble  the  Pediculi,  but 
the  mouth  is  formed  for  biting,  to  suit  their  mode  of  life — 
since  they  do  not  live  upon  the  juices  of  their  hosts,  but  upon 
the  more  delicate  tegumentary  appendages.  They  are  some- 
times regarded  as  constituting  a  degraded  group  of  the 
Hetniptera. 

Order  III.  Collembola. — Minute  Aptera,  with  a  semi- 
masticatory  or  suctorial  moidh  ;  the  first  abdominal  segment  fur- 
nished u'ith  a  ventral  tube  or  suctorial  organ;  the  last  abdominal 
segment  but  one  with  appendages  for  leaping. 

This  order  has  been  established  by  Sir  John  Lubbock  for 
the  reception  of  a  number  of  Insects  generally  known  as 
*'  Spring-tails."  Their  scientific  name  is  in  allusion  to  the 
fact  that  they  attach  themselves  to  foreign  bodies  by  a  ventral 
suctorial  tube,  which  contains  a  viscous  fluid ;  whilst  their 
popular  name  refers  to  their  possessing  saltatory  appendages 
attached  to  the  last  abdominal  segment  but  one.  These  ap- 
pendages (fig.  163,  D  and  F)  consist  of  a  long  forked  process 
Avhich  is  generally  bent  along  the  under  surface  of  the  body, 
and  kept  there  by  a  small  catch.  When  released,  the  sudden 
extension  of  the  elastic  process  throws  the  insect  into  the  air. 
The  body  is  covered  either  with  hairs  or  scales,  and  the  latter 
exhibit  under  the  microscope  very  elaborate  and  beautiful 
markings  (fig.  163,  E).  They  are  generally  to  be  found  in 
moist  dark  places  in  gardens,  or  on  the  surface  of  pools, 
and  the  commonest  genera  are  Podura,  Smynthurus,  and 
Degeeria. 

Order  IV.  Thysanura. — Minute  Aptera,  with  a  mastica- 
tory mouth  ;  the  end  of  the  abdo77icn  furnished  with  long  bristle- 
like terminal  appendages,  used  in  locomotion. 
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The  Insects  of  this  order  are  closely  related  to  those  of  the 
preceding,  but  the  long  anal  bristles  do  not  form  a  "  spring ; " 
and  the  mouth  is  distinctly  masticatory.  The  two  principal 
genera  are  Lepisma  and  Cainpodea  (fig.  163,  C),  both  of  which 
live  generally  under  stones  or  in  dark  situations.  The  body 
is  hairy,  or  clothed  with  metallic  scales ;  these  latter  organs 
being  in  Lepisma  so  delicately  marked  that  they  are  com- 
monly used  as  test-objects  for  the  microscope. 

According  to  Packard,  the  Thysanwa  and  CoUembola  are 
to  be  regarded  as  degraded  groups  of  Neuroptera,  the  former 
having  also  affinities  with  the  Myriapoda.  According  to  Sir 
John  Lubbock,  Cmipodea  may  be  regarded  as  a  modern  re- 
presentative of  an  ancient  type-form,  from  which  the  higher 
Insects  originally  took  their  rise. 

Sub-class  II.  Hemimetabola. — Metamorphosis  incomplete; 
the  larva  differing  from  the  itnago  chiefly  in  the  absence  of  wings, 
,a?id  i?i  size ;  pupa  icsually  active,  or,  if  quiescent,  capable  of  move- 
ment. * 

Order  V.  Hemiptera  {Rhynchota). — Mouth  suctorial,  beak- 
shaped,  consisting  of  a  jointed  rostrum,  composed  of  the  elongated 
labium,  which  forms  a  jointed,  tubular  sheath  for  the  bristle- 
shaped,  styliform  mandibles  and  maxillce.  Eyes  compound, 
usually  with  ocelli  as  well.  Two  pairs  of  wings  in  most ;  some- 
times tuanting.    Pupa  generally  active. 

The  Hemiptera  live  upon  the  juices  of  plants  or  animals, 


Fig,  164.— Hemiptera.    Bean  Aphis  {Aphis  fahce),  winged  male  and  wingless  female. 


which  they  are  enabled  to  obtain  by  means  of  the  suctorial 
rostrum. 

*  The  CoccidcE,  amongst  the  Hemiptera,  undergo  a  complete  metamor- 
phosis.  In  certain  of  the  Hemiptera  and  Orthoptera  the  adult  is  apterous, 
and  in  these  cases  there  cannot  be  said  to  be  any  metamorphosis,  since 
the  larvce  differ  from  the  adult  only  in  size,  in  having  fewer  joints  to  the 
antennce,  and  in  having  a  smaller  number  of  facets  in  each  of  the  compound 
eyes. 
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The  order  is  divided  into  the  following  three  sub-orders : — 
Sub-order  a.  Honioptera. — The  anterior  pair  of  wings  of  the 
same   texture   throughout   (membranous)  ;   the  mouth 
turned  backwards,  so  that  the  beak  springs  from  the 
back  of  the  head.     The  wings  fold  over  one  another 
when  the  insect  is  at  rest.    There  are  ocelli  between  the 
compound  eyes,  and  the  antennae  are  small  and  composed 
of  few  joints.    The  females  often  have  an  ovipositor  of 
three  toothed  blades.    In  this  section  are  the  Aphides, 
the  Scale  Insects  {CoccidcB),  the  Cicadas,  the  Lantern- 
flies  (Fulgora),  &c. 
As  typical  examples  of  the  Honioptera  may  be  taken  the 
Cicadas  (fig.  165,  D),  the  males  of  which  are  well  known  for 


Fig.  165. — A,  Thrips,  enlarged ;  B,  Nepa  cinerea,  enlarged  ;  C,  Cicada  Anglica,  the 
wings  on  the  right  side  of  the  body  being  omitted  ;  D,  Larva  of  the  same  ;  E,  Pupa 
of  the  same.    (Figs.  C,  D,  ard  E  are  after  Westwood.) 


their  power  of  emitting  a  musical  note  or  chirp.  The  Plant- 
lice  or  Aphides  (fig.  164)  live  upon  the  juices  of  plants,  an 
enormous  number  of  species  being  known.  They  may  possess 
two  pairs  of  membranous  wings,  or  none,  and  they  give  birth 
to  innumerable  young  in  the  summer  months  by  a  process 
of  parthenogenesis.  The  singular  Scale-insects  {Coccida)  have 
the  males  winged,  whilst  the  females  are  deformed,  often 
scale-like,  and  devoid  of  wings.  The  dried  female  of  the 
Cochineal  Insect  {Coccus  cadi)  constitutes  the  cochineal  of 
commerce,  and  the  Coccus  lacca  yields  shell-lac. 

Sub-07'der  b.  Heteroptera. — Anterior  wings  membranous  near 

their  apices,  but  chitinous  towards  the  base  (hemelytra) ; 

the  rostrum  springing  from  the  front  of  the  head.  The 
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inner  margins  of  the  wings  are  straight  or  contiguous. 
The  antennae  are  moderate  in  size,  and  composed  of  a 
few  large  joints.  They  are  divided  into  the  two  groups 
of  the  Hydrocorisce  (Water-bugs)  and  Geocorisa  (Land- 
bugs),  according  as  they  are  aquatic  or  mainly  terrestrial 
in  their  habits. 

Amongst  well-known  members  of  this  group  may  be  men- 
tioned the  Forest-bugs  and  Field- 
bugs  {Fentatoma,  and  its  allies),  the 
Bed-bug  {Cimex  lechilarius),  the 
Boat-fly  {Notoneda),  the  Water-scor- 
pions {Nepa,  fig.  165,  B),  and  the 
Water-spiders  [Hydrometra). 
Sub  -  order  c.  Thysanoptera.  — 
Mouth  with  mandibles  and 
maxillae,  furnished  with  palpi. 
The  wings  with  few  or  no  ner- 
vures,  fringed.  In  this  sub- 
order are  only  the  little  insects 
which  form  the  genus  Thrips 
(fig.  165,  A),  and  some  allied 
forms.  They  live  upon  plants, 
and  differ  from  the  typical 
ifemiptera  both  in  the  struc- 
ture of  the  wings,  and  in  the 
fact  that  the  beak-like  rostrum 
really  contains  palpate  mandi- 
bles and  maxillae. 
Order  VI.  Orthoptera.  — 
Mouth  masticatory ;  wings  four, 
sometimes  wanting  ;  the  anterior  pair 
mostly  smaller  tha?i  the  posterior, 
semi  -  coriaceous  or  leathejy,  usually 
with  numerous  nervures,  the  inter- 
spaces between  whicli  are  filled  with 
many  transverse  reticulations;  sometimes  overlapping  hori- 
zontally (Cockroach),  sometimes  meeting  like  the  roof  of  a 
house  (Grasshoppers).  Posterior  wings  usually  having  their 
front  portion  of  a  different  texture  from  their  hinder  portion,  this  ^ 
latter  being  almost  always  more  transparent,  and  when  not 
in  use  folded  longitudinally  like  a  fan.  Posterior  wings  often 
wanting  in  the  Vemales  of  the  Blattidce.  Antennfe  usually 
filiform.  Metamorphosis  semi  -  incomplete  (sometimes,  how- 
ever, the  adult  is  apterous,  when  it  becomes  almost  impossible 
to  distinguish  the  larva,  pupa,  and  imago). 


Fig.  166.— Orthoptera.  The  com- 
mon Cockroach  {Blatta  07-ienta- 
lis),  male  and  female. 
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This  order  includes  a  number  of  well-known  insects,  most 
of  which  are  vegetable-feeders.  Some  of  the  Orthoptera,  such 
as  the  Cockroaches  {Blatiidce,  fig.  i66)  have  slender  legs,  and 
are  adapted  for  running  {cursorial).  Others  are  suited  for 
walking,  and  are  said  to  be  gressorial.  Amongst  these  are  the 
Mantides,  with  their  great  raptorial  front-legs,  and  the  singular 
Walking  Leaves  and  Stick -insects  (the  Phasmida).  Others, 
again,  are  saltatorial,  having  the  hind -legs  elongated  and 
adapted  for  leaping.  In  this  section  are  the  Crickets  and 
Mole-crickets  {Gryllidce  or  Achetida),  and  the  Grasshoppers 
and  Locusts  {Acridiidce  and  Locustidcz).  The  Saltatory  Ortho- 
ptera  are  all  vegetable  -  feeders,  and  whilst  many  of  them 
commit  serious  depredations  upon  green  crops  and  grass,  the 


Fig.  167. — Migratory  Locust  (CEdipoda  luigratoria). 


ravages  of  the  Migratory  Locust  (CEdipoda  migratoria,  fig.  167) 
are  in  this  respect  unrivalled.  Finally,  there  is  a  sn*iall  section 
of  the  Orthopiej'a,  which  includes  the  Earwigs  {Forficulida), 
and  which  has  been  raised  to  the  rank  of  a  distinct  order 
under  the  name  of  Eiiplexoptera.  In  this  group,  the  last 
segment  of  the  abdomen  carries  a  pair  of  nippers,  and  the 
anterior  wings  are  very  short,  the  posterior  wings  are  mem- 
branous, and  are  folded  up  both  longitudinally  and  trans- 
versely, being  useless  for  flight. 

Order  VII.  Neuroptera  {Odo7iata). — Mouth  usually  inas- 
ticatoi'y ;  wiugs,  four  in  number,  all  niembranotcs,  geiierally 
nearly  equal  in  size,  traversed  by  numerous  delicate  nervures,  hav- 
ing a  longitudinal  and  transve?'se  direction,  and  giving  them  a 
reticulated,  lace-like  aspect.  Metamorphosis  generally  incomplete, 
rarely  complete.  The  larva  active,  hexapod,  the  pupa  active  or 
qiciescent. 

The  order  Neuroptera  includes  a  number  of  Insects  which 
are  so  different  in  their  characters,  habits,  and  metamorphoses, 
that  they  are  sometimes  placed  in  three  separate  and  special 
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groups.  The  first  section  includes  what  may  be  termed  nor- 
mal Neuroptera,  such  as  the  Ant-lions  {Mynneleontidce),  the 
Aphis-lions  {HemerobiidcB,  fig.  i68),  the  Scorpion-flies  {Fanor- 

pidce),  and  the  SialidcB.  The 
second  section  includes  the 
Dragon  -  flies  {Libelhdidce), 
the  May-flies  {Ephemerida), 
the  Stone-flies  {Ferlidcz),  the 
White  Ants  ( Termitidce),  and 
some  less  important  famihes. 
These  are  often  placed  in 
the  Orthoptera,  under  the 
common  name  of  Pseiido- 
neuroptera.  Lastly,  we  have 
a  section  sometimes  elevated 
to  the  rank  of  a  distinct  or- 
der under  the  name  of  Trich- 
optera,  for  the  reception  of 
the    singular    Caddis  -  flies 

Fig.  i68.— Neuroptera.  Aphis-lion  (CAryw/rt    I  phrvvnn/'idiA     Tn  thi<;  cxrnim 

peria\  imago,  larva,  and  eggs.  ^.rnrygafieiace).  in  luis  group 

the  anterior  wings  are  gener- 
ally hairy,  the  mandibles  are  rudimentary,  the  larva  usually 
resides  in  a  case  formed  of  small  foreign  bodies,  and  the  pupa 
is  inactive  during  the  greater  part  of  its  life. 

Amongst  the  more  remarkable  of  the  Neuroptei-a  are  the  so-called 
"White  Ants"  or  Termites,  a  brief  description  of  which  may  be  given 
here.  The  Termites  are  social  insects,  living  in  organised  communities, 
and  they  are  mostly  inhabitants  of  hot  countries.  (It  must  be  borne  in 
mind  that  though  often  called  "White  Ants,"  they  stand  in  no  relation  to 
the  true  Ants.)  Mr  Bates  has  given  us  an  excellent  description  of  the 
habits  of  these  singular  insects,  from  which  much  of  what  follows  has  been 
taken. 

Termites  are  small,  soft-bodied  insects,  which  live  in  large  communities, 
as  do  the  true  Ants.  They  differ,  however,  from  the  Ants  in  the  fact  that 
the  workers  are  individuals  of  no  fully-developed  sex,  whereas  amongst  the 
latter  they  are  undeveloped  females.  Further,  the  neuters  of  tlie  Termites 
are  always  composed  of  two  distinct  classes  or  "castes" — the  workers  and 
the  soldiers.  Lastly,  the  Ants  undergo  a  quiescent  pupa-stage  ;  whereas 
the  young  Termites,  on  their  emergence  from  the  egg,  do  not  differ  from 
the  adult  in  any  respect  except  in  size. 

Each  species  of  Termites  consists  of  several  distinct  orders  or  castes, 
which  live  together,  and  constitute  populous,  organised  communities. 
They  inhabit  structures  known  as  "  Termitaria,"  consisting  of  mounds 
or  hillocks,  some  of  which  are  "  five  feet  high,  and  are  formed  of  par- 
ticles of  earth  worked  into  a  material  as  hard  as  stone. "  The  Termitarium 
has  no  external  aperture  for  ingress  or  egress,  as  far  as  can  be  seen,  the  en- 
trance being  placed  at  some  distance,  and  connected  with  the  central 
building  by  means  of  covered  ways  and  galleries.  Each  Termitarium  is 
composed  of  "a  vast  number  of  chambers  and  irregular  interconimunicat- 
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mcr  naileries,  built  up  with  particles  of  earth  or  vegetable  matter,  cemented 
together  with  the  saliva  of  the  insects."  Many  of  "the  very  large  hillocks 
are  the  work  of  many  distinct  species,  each  of  which  uses  materials  differ- 
ently compacted,  and  keeps  to  its  own  portion  of  the  tumulus." 

A  family  of  Termites  consists  of  a  king  and  queen,  of  the  workers,  and 
of  the  soldiers.    According  to  the  researches  of  Lespes,  Bates,  and  Fritz 


Fig.  169.— Termites  {Termes  lellicosus).    a  King,  before  the  wings  are  cast  off ; 
b  Queen,  with  the  abdomen  distended  with  eggs ;  c  Worker ;  d  Soldier. 

Miiller,  the  workers  and  soldiers  amongst  the  Termites  are  not  sterile 
females,  but  modified  lai-va,  which  belong  to  both  sexes,  and  are  arrested 
in  their  development  (or,  rarely,  males  and  females  in  which  the  reproduc- 
tive organs  are  rudimentary).  Fritz  Miiller  has  further  discovered  that, 
in  addition  to  the  winged  males  and  females  which  are  periodically  pro- 
duced in  great  numbers,  there  exists  in  some,  if  not  in  all,  of  the  species  a 
second  set  of  males  and  females,  which  are  destitute  of  wings.  These 
complementary  males  and  females  never  leave  the  termitary  in  which  they 
are  born ;  and  they  may  take  the  place  of  the  winged  males  and  females 
whenever  a  community  fails  to  secure  a  royal  couple  at  the  proper  period. 
The  royal  couple  are  the  parents  of  the  colony,  and  "are  always  kept  to- 
gether, closely  guarded  by  a  detachment  of  workers,  in  a  large  chamber  in 
the  very  heart  of  the  hive,  surrounded  by  much  stronger  walls  than  the 
other  cells.  They  are  both  wingless,  and  immensely  larger  than  the 
workers  and  soldiers.  The  queen,  when  in  her  chamber,  is  always  found 
in  a  gravid  condition,  her  abdomen  enormously  distended  with  eggs, 
which,  as  fast  as  they  come  forth,  are  conveyed,  by  a  relay  of  workers,  in 
their  mouths,  from  the  royal  chamber  to  the  minor  cells  dispersed  through 
the  hive." 

At  the  beginning  of  the  rainy  season  a  number  of  winged  males  and 
females  are  produced,  which,  when  they  arrive  at  maturity,  leave  the  hive, 
and  fly  abroad.  They  then  shed  their  wings  (a  special  provision  for  this 
existing  in  a  natural  seam  running  across  the  root  of  the  wing  and  dividing 
the  nervures)  ;  they  pair,  and  then  become  the  kings  and  queens  of  future 
colonies. 

The  workers  and  the  soldiers  are  distinct  from  the  moment  of  their 
emergence  from  the  egg,  and  they  do  not  acquire  their  special  characteris- 
tics in  consequence  of  any  difference  of  food  or  treatment.    Both  are  wing- 
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less,  and  they  differ  solely  in  the  armature  of  the  head.  The  duties  of  the 
workers  are  to  "build,  make  covered  roads,  nurse  the  young  brood  from 
the  egg  upwards,  take  care  of  the  king  and  queen,  who  are  the  progeni- 
tors of  the  whole  colony,  and  secure  the  exit  of  the  males  and  females  when 
they  acquire  wings,  and  Hy  out  to  pair  and  disseminate  the  race."  The 
duties  of  the  soldiers  are  to  defend  the  community  from  all  attacks  which 
may  be  made  upon  its  peace,  for  which  purpose  the  mandibles  are  greatly 
developed. 

Sub-class  III.  Holometabola. — Metamorphosis  cojnplefe ; 
the  larva,  pupa,  atid  miago  diffe?ing  greatly  from  one  another 
in  external  appearance.  The  larva  ver?nifor?n,  and  the  pupa 
quiescent. 

Order  VIII.  Aphaniptera.  —  Wings  rudimentary,  in  the 
form  of  scales,  situated  on  the  mesothorax  and  metathorax. 
Mouth  suctorial.    Metamorphosis  complete. 

This  order  comprises  the  Fleas  {Fulicidce),  which  are  para- 
sitic upon  different  animals.  The  larva  of  the  common  Flea 
{Pulex  irritans,  fig.  170)  is  an  apodal  grub,  which  in  about 


Fig.  170. — A,  The  common  Flea  {Pulex  irritans)  ;  B,  Larva  of  the  same  ;  C,  Pupa  of 
the  same.    All  the  figures  are  greatly  magnified.    (After  Westwood.) 


twelve  days  spins  a  cocoon  for  itself,  and  becomes  a  quiescent 
pupa,  from  which  the  imago  emerges  in  about  a  fortnight 
more. 

The  Chigoe  or  Sand-flea  {Sarcopsylla  penetrans)  of  the  tropi- 
cal parts  of  America,  is  a  more  serious  pest  than  the  common 
Flea.  It  is,  however,  only  a  parasite  as  regards  the  impreg- 
nated females ;  the  males,  unimpregnated  females,  and  larvje 
leading  a  free  existence.  The  impregnated  females,  however, 
bore  their  way  through  the  skin  of  the  foot  in  tlie  human  sub- 
ject, and  live  there  till  they  assume  the  size  of  peas,  by  the 
distension  of  the  abdomen  with  eggs,  often  occasioning  great 
local  irritation  and  inflammation.  They  also  live  beneatla  the 
skin  of  mice  and  dogs. 

Many  authorities  regard  the  Aphaniptera  as  a  degraded  group 
of  the  Diptera. 
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Order  IX.  Diptera.— 7%^  anterior  pair  of  wings  alone 
developed;  the  posterior  pair  of  wings  rudimentary,  represented 
by  a  pair  of  clubbed  filaments,  called  halteres,"  or  ''balancers" 
(fig.  171).  In  a  few  the  wings  are  altogether  wanting.  Mouth 
suctorial  The  metamorphosis  is  cofnplete,  the  larva;  being  gener- 
ally destitute  of  feet;  but  in  some  cases  (e.g.,  the  gnats)  the  pupa 
are  aquatic  and  are  actively  locomotive.  In  most  cases,  however, 
the  pupce  are  quiescent. 

The  proboscis  in  the  Diptera  consists  of  a  tubular  labium 
enclosing  the  other  parts  of  the  mouth,  and  is  placed  on  the 
under  surface  of  the  head.  Ocelli  are  present  in  addition  to 
the  compound  eyes.  The  wings  are  generally  horizontal  and 
transparent,  the  nervures  not  very  numerous,  and  for  the  most 


Fig.  171. — Diptera.    Crane-fly  {TiJ>ula  oleraced). 


part  longitudinally  disposed.  The  antennae  are  generally 
small  and  three-jointed  (Brachycera),  sometimes  many-jointed 
{TipulidcB),  or  feathery  {CulicidcB).  The  larva  is  soft  and  fleshy, 
with  a  soft  indistinct  head,  usually  apodal,  never  with  thoracic 
legs,  and  rarely  with  pro-legs.  The  larval  skin  mostly  forms  a 
hardened  case  for  the  pupa,  but  the  larvse  sometimes  cast 
their  skin  when  becoming  pupae,  or  even  spin  cocoons.  In 
one  section  of  the  Diptera,  hence  termed  Fupipara,  the  larvae 
continue  to  reside  within  the  mother  until  they  are  just  ready 
to  become  pupae,  and  they  are  born  in  a  form  closely  resem- 
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bling  the  ordinary  pupae  of  the  members  of  the  order.  In  the 
Hessian  Fly  {Cecidoi7iyia)  the  larva  produces  asexually  a 
number  of  secondary  larvse,  which  are  developed  within  the 
body  of  the  primitive  larva,  and  feed  upon  its  tissues,  ultimately 
causing  its  death. 

The  Diptera  constitute  one  of  the  largest  of  the  orders  of 
the  Insecta.  Amongst  the  more  important  forms  included  in 
this  division  may  be  enumerated  the  House-flies,  Bluebottles, 
and  Flesh-flies  {Muscida;) ;  the  Gnats,  Midges,  and  Mosquitos 
{CulicidcB) ;  the  Bot-flies  ( ffij/nVfe) ;  Ga.d.-fi\t?>  {Tabanida)  ; 
the  Forest-flies  and  Sheep-ticks  {HippoboscidcB) ;  and  the  Crane- 
flies  {Tipulidce). 

Order  X.  Lepidoptera. — Month  suctorial,  consisting  of  a 
spiral  trunk  or  "  antlia"  co7nposed  of  the  greatly-elongated  maxilla', 
and  protected,  when  not  in  use,  by  the  cushion- shaped  hairy  labial 
palpi.  MaxillcB  forming  two  sub-cylindrical  tubes,  united  together 
by  inosculating  hooks,  and  constituting  an  ititermediate  tube  by  their 
junction.  Maxillary  palpi  minute ;  labrum  and  mandibles  rudi- 
mentary. Head,  thorax,  and  abdomen  more  or  less  covered  with 
hair.  Wings,  four  in  member,  covered  with  modified  hairs  or 
scales  ;  wanting  in  the  fonales  of  a  few  species.  Nervures  not 
very  numerous,  mostly  loiigiticdinal.  Antennce  composed  of  numer- 
ous minute  joints. 

This  well-known  and  most  beautiful  of  all  the  orders  of 
Insects  comprises  the  Butterflies  (fig.  172)  and  the  Moths  {fig. 
173) ;  the  former  being  diurnal  in  their  habits,  the  latter  mostly 
crepuscular  or  nocturnal. 

The  larvse  of  Lepidoptera  (fig.  172),  commonly  called  ''  cater- 
pillars," are  vermiform  in  shape,  normally  composed  of  thirteen 
segments,  the  first  of  which  forms  a  distinct  horny  head,  with 
antennae,  jaws,  and  usually  simple  eyes.  The  mouth  of  the 
caterpillar,  unlike  that  of  the  perfect  insect,  is  formed  for  mas- 
tication.   The  labium,  also,  is  provided  with  a  tubular  organ 

 the  "spinneret" — which  communicates  with  two  internal 

glands,  the  functions  of  which  are  to  furnish  the  silk,  whereby 
the  animal  constructs  its  ordinary  abode  or  spins  its  cocoon. 
The  three  segments  behind  the  head  correspond  with  the  pro- 
thorax,  mesothorax,  and  metathorax  of  the  perfect  insect,  and 
each  carries  a  pair  of  jointed  walking-legs.  Besides  these 
thoracic  legs,  there  is  a  variable  number  (generally  five  pairs) 
of  soft  fleshy  legs,  which  are  borne  by  the  segments  of  the 
abdomen,  and  are  known  as  "pro-legs."  Each  is  usually  fur- 
nished with  a  crown  of  small  horny  hooks,  and  they  are  never 
attached  to  the  4th,  5th,  loth,  and  nth  segments  behmd  the 
head  {i.e.,  to  the  ist,  2d,  7th,  or  8th  abdominal  segments). 
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In  the  Vi'mxw^  Lepidoptera,  or  Butterflies  proper  (fig.  172), 
the  antennae  are  knobbed  (hence  the  name  of  Rhopalocera  often 


Fig.  172.— Large  White  Cabbage  Butterfly  {Pieris  Brnssic^).    a  Larva  or  caterpillar ; 
b  Pupa  or  chrysalis  ;  c  Imago  or  perfect  insect. 

given  to  the  group) ;  the  wings  are  usually  held  erect  when  the 
insect  is  in  a  state  of  repose ;  the  larvse  have  six  thoracic  legs, 
and  ten  pro-legs ;  and  the  pupae  are  always  naked,  attached 
by  the  posterior  extremity,  or  head  downwards,  and  usually 
angular. 

In  the  Crepuscular  Lepidoptera,  including  those  forms  which 
are  active  during  the  twilight,  the  antennae  are  fusiform,  or 
grow  gradually  thicker  from  the  base  to  the  apex ;  the  wings 
are  horizontal  or  a  little  inclined  when  the  insect  is  at  rest ;  the 
posterior  wings  generally  have  their  front  margins  furnished 
with  a  rigid  spine  ("  retinaculum  ")  which  is  received  into  a 
hook  on  the  under  surface  of  the  anterior  wings ;  and  the  pupae 
are  never  angular. 

The  Nocturnal  Lepidoptera  have  the  antennae  setaceous,  or 
diminishing  gradually  from  the  base  to  the  apex,  often  serrated 
or  pectinated  (fig.  173) ;  the  wings  in  repose  are  horizontal  or 
deflexed,  and  the  hind-wings  are  often  furnished  with  a  "  retin- 
aculum," as  in  the  preceding  section  \  the  pupte  are  mostly 
smooth,  sometimes  spiny,  and  often  enclosed  in  a  cocoon. 

The  two  groups  of  the  Crepuscular  and  Nocturnal  Lepidoptera 
are  often  included  in  a  single  division,  under  the  name  of 
Heterocera.  It  is  to  be  remembered  that  many  members  of  the 
Nocturnal  division  of  the  order,  though  they  would  ordinarily 
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be  called  Moths,  are  active  during  the  day,  and  in  this  respect 
resemble  the  true  Butterflies. 

Order  XL  Hymenoptera.—  Wi7igs  four,  meinbrajwus,  with 
few  nervures  ;  so77ietimes  absent.    Mouth  always  provided  with 


biting-jaws  or  mandibles  ;  the  maxillce  a?id  labimfi  geriej'ally  con- 
verted into  a  suctorial  organ.  Females  having  the  ext?-emity  of 
the  abdomen  furtiished  with  an  ovipositor  {te?-ebra  oraaileiis),  con- 
sisting generally  of  five  or  six  pieces,  of  which  the  ttvo  oute7-fo7-m 
a  p7'otcctive  sheath.  Besides  the  compound  eyes,  there  are 
usually  three  ocelli  placed  on  the  top  of  the  head.  The  an- 
tennae are  generally  filiform  or  setaceous.  The  metamorphosis 
is  complete,  but  the  various  parts  of  the  pupa  are  visible  through 
the  delicate  enclosing  membrane.  The  larvae  are  sometimes 
provided  with  feet,  and  live  on  vegetable  food  (as  in  the  Tc7i- 
thredi7iidai,  fig.  174);  but  they  are  are  mostly  footless,  without 
a  distinct  head,  and  fed  by  the  adult. 

The  Hy77ienoptera  form  a  very  extensive  order,  comprising 
the  Bees,  Wasps,  Ants,  Ichneumons,  Saw-flies,  (S:c.  The  ovi- 
positor, which  is  characteristic  of  the  females  of  this  order,  is 
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very  commonly  modified  so  as  to  constitute  a  saw  {serra),  a 
boring  organ  {terebra),  or  a  sting  {aculeus). 

As  regards  the  principal  groups  of  the  Ilymenoptera,  the 


Fig.  174. — Gooseberry  Saw-fly  {Tenihredo  grosstilaria),  larva,  pupa,  and  imago. 

Saw-flies  {Tenthredinidcs  and  Siricidce)  form  a  very  natural  sec- 
•  tion,  which  is  often  spoken  of  as  that  of  the  Te7-ebrantia^  as  the 
females  have  the  ovipositor  converted  into  a  saw  or  borer. 
The  larvae  of  the  Saw-flies  feed  upon  vegetable  matter,  and 
have  pro-legs.  Another  important  group  is  that  of  the  Gall- 
flies {CynipidcB),  all  of  which  lay  their  eggs  in  the  soft  tissues 
of  plants  (generally  the  leaves).  The  resulting  "galls"  are 
due  to  the  abnormal  cell-growth  excited  locally  in  the  plant  by 
the  irritation  caused  by  the  puncture  of  the  mother's  ovipositor 
in  depositing  the  eggs.  The  larvae  are  footless.  In  the  allied 
group  of  the  Ichneumons  {Ichnewnonidce),  the  larvae  are  also 
footless,  and  the  eggs  are  deposited  by  the  females  in  the  larvae 
or  pupae  of  other  insects,  upon  whose  tissues  the  young  support 
themselves  after  hatching.  All  the  other  Hymenoptera  have 
the  ovipositor  of  the  female  converted  into  a  sting  (not  always 
the  case  in  the  Ants),  and  they  may,  therefore,  be  grouped 
together  under  the  common  title  of  Aculcata,    The  principal 
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families  included  under  this  name  are  the  Ants  {Forniicida), 
the  Wasps  {Vespidce),  the  Hornets  {Crabronidce),  Bees  {Apidce), 
and  the  Bumble-bees  {BombidcB). 

Amongst  the  Hymenoptera  we  find  social  communities,  in  many  respects 
resembling  those  of  the  Termites,  of  which  a  description  has  already  been 
given.  The  societies  of  Bees  and  Ants  are  well  known,  and  merit  a  short 
description. 

The  social  Bees,  of  which  the  common  Honey-bee  {Apis  mellifica),  is  so 
familiar  an  example,  form  organised  communities,  consisting  of  three  classes 
of  individuals — the  males,  females,  and  neuters.  As  a  rule,  each  commu-  i 
nity  consists  of  a  single  female — "the  queen" — and  of  the  neuters,  or  i 
"workers."  The  impregnation  of  the  female  is  effected  by  the  production 
of  males,  or  "drones,"  during  the  summer.  After  impregnation  has  been 
effected,  the  drones,  as  being  then  useless,  are  destroyed  by  the  workers. 
The  eggs  produced  by  the  fecundated  queen  are  mostly  intended  to  give 
origin  to  neuters,  to  which  end  they  are  placed  in  the  ordinary  cells.  The 
ova  which  are  to  give  origin  to  females — the  ' '  queens  "  of  fcture  colonies 
— are  placed  in  cells  of  a  peculiar  construction,  and  the  larvae  are  fed  by 
the  workers  with  a  special  food.  The  ova  which  are  to  produce  males  are 
likewise  placed  in  cells,  which  are  slightly  larger  than  those  allotted  to  the 
workers.  It  is  asserted,  however,  that  this  is  not  the  sole  or  true  cause  of 
the  production  of  the  males  ;  but  that  the  ova  which  are  intended  to  pro- 
duce drones  are  not  fertilised  by  the  female  with  the  semen  which  she  has 
stored  up  in  her  spermatheca,  and  are  therefore  produced  by  a  process  of 
parthenogenesis.  That  the  males  are  produced  parthenogenetically  in 
some,  at  any  rate,  of  the  Hymenoptera,  appears  to  have  been  placed  be- 
yond a  reasonable  doubt  by  the  researches  by  Von  Siebold.  (See  Intro- 
duction. ) 

In  the  Humble-bees  {Bombidd),  and  in  the  Wasps  ( Vespida),  we  have 
societies  essentially  the  same  as  in  the  Honey-bee.  In  a  large  community 
of  Wasps,  or  "  vespiary,"  there  may  be  several  hundred  females,  of  which 
few  survive  the  winter,  and  live  to  found  fresh  colonies  next  spring.  The 
number  of  males  is  about  equal  to  that  of  the  females,  but,  unlike  the 
drones  of  the  Bees,  the  males  work  actively  and  defend  the  nest.  As  ! 
amongst  the  Bees,  solitary  species  are  not  uncommon. 

The  Ants  {Formicidcc)  likewise  form  communities,  consisting  of  males, 
females,  and  neuters  (fig.  175).  The  males  and  females,  as  we  have  seen 
in  the  case  of  the  Tennites,  are  winged,  and  are  produced  in  great  num- 
bers at  a  particular  period  of  the  year.  They  then  quit  the  nest  and  pair, 
after  which  the  males  die.  The  females  then  lose  their  ^yings  and  fall  to 
the  ground,  when  they  become  the  queens  of  fresh  societies.  In  some 
Ants,  as  in  the  Termites,  the  neuters  are  divided  into  two  classes— the 
workers  and  the  soldiers— of  which  the  former  perform  all  the  duties  neces- 
sary for  the  preservation  of  the  society  except  defending  the  nest,  this  being 
left  to  the  soldiers.  In  other  cases,  as  many  as  three  distinct  orders  or 
"castes  "  of  neuters  may  be  present  in  the  same  nest. 

Amongst  the  more  singular  of  the  habits  and  instincts  of  Ants  two  may 
be  mentioned— the  instinct  of  making  slaves,  and  that  of  milking,  so  to 
speak,  the  little  Plant-lice  [Aphides).  As  regards  the  first  of  these,  it  is 
found  that  certain  Ants  possess  the  extraordinary  instinct  of  capturing  t  ie 
pupaj  of  other  species  of  Ants,  and  bringing  them  up  as  slaves.  Ihe 
relations  between  the  master  and  the  slaves  vary  a  good  deal  in  different 
species.  In  the  case  of  Formica  ritfcsccns,  for  instance,  the  masters  are 
entirely  dependent  upon  their  slaves  ;  the  males  and  females  do  nothing 
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except  reproducing  the  species,  and  the  neuters  perform  no  other  labour 
except  that  of  capturing  fresh  slaves.  The  masters  are  in  this  case  unable 
even  to  feed  themselves,  and  their  existence  is  maintained  entirely  by  the 
devotion  of  the  slaves.    In  Formica  sanguinea,  on  the  other  hand,  the 


Fig.  175. — Red- Ant  {Myrmica  rufa).   a  Winged  male ;  b  Wingless  neuter. 

Much  magnified. 


number  of  slaves  is  much  less,  and  both  masters  and  slaves  occupy  them- 
selves in  performing  most  of  the  duties  necessary  for  the  community.  The 
masters,  however,  go  alone  when  on  slave-making  expeditions ;  and  in  case 
of  a  migration,  the  masters  carry  the  slaves  in  their  mouths. 

A  second  singular  fact  in  the  history  of  Ants  is  found  in  the  relations 
which  subsist  between  them  and  the  Aphides,  or  Plant-lice.  The  Aphides 
secrete,  or  rather  excrete,  a  peculiar  viscid  and  sweet  liquid,  by  means  of 
a  gland  which  is  situated  towards  the  extremity  of  the  abdomen,  and  com- 
municates with  the  exterior  by  two  tubular  filaments.  Ants  are  extremely 
fond  of  this  excretion,  and  it  is  a  well-established  fact  that  the  Aphides 
allow  themselves  to  be  milked,  as  it  were,  by  the  Ants.  For  this  purpose 
the  Ant  touches  and  caresses  the  abdomen  of  the  Aphis  with  its  antennae, 
whereupon  the  latter  voluntarily  exudes  a  drop  of  the  coveted  fluid. 

The  belief  that  our  European  Ants  stored  up  grain  for  winter  consump- 
tion, though  generally  asserted  by  the  ancients,  has  been,  until  recently, 
discredited  by  scientific  observers,  upon  the  ground  that  our  Ants  are 
known  to  be  carnivorous  in  their  habits.  Mr  Moggridge  has,  however, 
recently  shown  that  there  are  exceptions  to  this  rule,  and  that  some  of  the 
Ants  of  the  south  of  Europe  (such  as  some  of  the  species  of  Atta)  not  only 
eat  vegetable  food,  but  really  execute  the  feats  imputed  to  them  by  the 
old  writers.  They  do,  namely,  store  up  a  provision  of  grain  for  the  winter, 
and  they  prevent  this  from  germinating  by  gnawing  the  radicle. 

Order  XII.  Strepsiptera. — Females  without  wings  or  feet, 
parasitic.    Males  possessing  the  posterior  pair  of  wings,  which 
are  large,  membranous,  and  folded  longitudijially  like  a  fan. 
The  anterior  pair  of  wings  rudimentary,  represefited  by  a  pair  of 
singular  twisted  organs.    Jaivs  rudimentary. 

The  Strepsiptera  constitute  a  small  order,  which  includes 
certain  parasites  of  minute  size,  found  on  Bees  and  other 
Hymenoptera.  The  female  is  a  soft  vermiform  grub,  without 
feet  or  wings,  but  with  a  horny  head,  which  it  protrudes  from 
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the  abdominal  segments  of  its  host.  The  larvae  are  active, 
and  possess  six  feet;  whilst  the  males  (fig.  176)  are  winged, 
and  fly  about  with  great  activity. 

The  Strepsiptera  are  now  very  generally  regarded  as  an  ano- 
malous and  degraded  group  of  the  Coleoptera. 

Order  XIII.  Coleop- 
tera.— Month  masticatory, 
furnished  with  an  upper  lip 
or  labrum,  two  mandibles, 
two  maxillcB,  with  maxill- 
ary palpi  {generally  four- 
jointed),   and   a  movable 
lo7ver  lip  or  labiu7Ji,  with 
two  jointed  labial  palpi. 
The  four  wiiigs  are  ustially 
present,  and  the  anterior 
pair  are   not  adapted  for 
^.         ^     .  ,  flight,  but  are  hardened  by 

Fig.  176. — Strepsiptera.  SMo^sS^enciz,  ertaxly      ,  ...  ,     /■         ,  , 

magnified  (after  Westwoodj.  chitme,  SO  as  to  forvi  protec- 

tive cases  {elytra)  for  the 
posterior  witigs  (fig.  177).  The  inner  margins  of  the  elytra 
are  generally  straight,  a?id  when  in  C07itact  they  form  a  longi- 
tudinal suture.  The  posterior  wings  are  membranous,  and 
whefi  not  in  use  are  folded  tratisversely  beneath  the  elytra. 


Fig.  177.— Coleoptera.    Common  Cockchafer  {Melolont/ui  vulgaris). 


(Amongst  deviations  from  this  state  of  parts  may  be  men- 
tioned the  occasional  absence  or  rudimentary  condition  of 
the  hinder  wings,  the  soldering  together  of  the  elytra,  the  soft 
and  yielding  condition  of  the  elytra,  or  the  absence  of  both 
elytra  and  wings.)  The  eyes  are  always  compound,  generally 
circular,  oval,  or  reniform,  but  sometimes  completely  divided. 
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The  antennse  are  extremely  variable  in  form,  generally  of 
eleven  joints,  sometimes  of  fewer,  rarely  of  twelve  or  more. 
The  thorax  is  composed  of  a  pro-  meso-  and  meta-thorax,  but 
when  the  elytra  are  closed,  only  the  prothorax  and  a  little 
plate  ("  scutellmn  ")  belonging  to  the  meso- 
thorax  are  visible.  The  tarsus  is  generally 
composed  of  five  joints,  sometimes  fewer, 
never  more,  and  its  last  joint  is  usually 
furnished  with  two  hooked  claws. 

The  larvae  of  Coleoptera  are  generally 
composed  of  thirteen  segments,  including 
the  head.  The  body  is  generally  soft  and 
fleshy,  the  head  horny,  and  the  mouth 
adapted  for  mastication.  The  antennae  are 
small,  usually  of  three  or  four  joints,  with 
ocelli  at  their  base.  They  have  three  pairs 
of  legs  attached  to  the  thorax,  and  rarely 
anal  pro -legs  or  fleshy  tubercles;  or  they 
may  be  devoid  of  feet.  The  pupa  is  some- 
times enclosed  in  a  cocoon,  and  the  parts 
of  the  perfect  insect  are  always  distinctly 
recognisable  in  the  pupa. 

The  order  Coleoptera  includes  all  those 
insects  commonly  known  as  "  Beetles,"  and 
comprises  an  enormous  number  of  genera  and  species.  They 
are  remarkable,  as  a  general  rule,  for  their  hard  polished  integ- 
ument, their  glittering,  often  metallic  colours,  and  their  vora- 
cious habits. 


Fig.  178. — <i  Rose-chafer 
(Cetonia  aurata)  and 
larva. 


The  order  Coleoptera  was  divided  by  Latreille  into  four  sections,  in 
accordance  with  the  number  of  the  joints  in  the  tarsi ;  and  though  the 
resulting  arrangement  is  not  strictly  natural,  this  classification  is  generally 
followed.    The  four  sections  founded  by  Latreille  are  : — 

1.  Trimera. — Tarsus  three-jointed.    Ex.  Lady-birds  {CoccinellidcB). 

2.  Tetramera. — Tarsus  four-jointed.     Ex.   The  Longicorn  Beetles 

[Longicornia),  the  Weevils  {Rhynchophora) ,  &c. 

3.  Heteromera. — Tarsus  of  the  two  anterior  pairs  of  legs  five-jointed, 

of  the  posterior  pair  four-jointed.  Ex.  The  Blister  Beetles  {Can- 
tharidcB),  and  the  great  family  of  the  Tenebrionidcs. 

4.  Pentamera. — Tarsus  five-jointed  in  all  the  legs.     Ex.  Soldier- 

beetles  {Telephorus) ,  Glow-worm  {Latiipyris),  the  Elaterida  (the 
larvae  known  as  "wire-worms"),  the  beautiful  Buprestidce,  the 
great  group  of  the  Lamellicorn  Beetles  (such  as  the  Stag-beetle, 
Cockchafer,  Dung-beetle,  &c.),  the  Burying  beetles  {Necrophorus), 
the  Devil's-coach-horses  {Staphylinidcc),  the  Water-beetles  (Hydro- 
philidce  and  Dyticidcc),  the  Whirligigs  {Gyrinidaf),  the  Ground- 
beetles  {Carabidce),  and  the  Tiger-beetles  (Cicindelidce). 
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CHAPTER  XLI. 


SUB-KINGDOM  MOLLUSCA. 


Sub-kingdom  Mollusca. — The  Mollusca  may  be  defined  as  in- 
cluding soft-bodied,  unsegmented  animals,  which  are  usually 
provided  with  an  exoskeleton.  The  intestinal  canal  is  bounded 
by  its  own  proper  walls,  and  is  completely  shut  off  from  the 
perivisceral  cavity.  The  alimentary  canal  is  situated  between 
the  hsemal  system,  which  lies  dorsally,  and  the  neural  system, 
which  is  situated  towards  the  ventral  aspect  of  the  body.  The 
nervous  system  (fig.  179) 
in  its  highest  development 
consists  of  three  principal 
ganglia,  which  are  reduced 
to  one  in  the  lower  forms. 
Usually  there  is  a  distinct 
propulsive  organ  by  which 
the  circulation  is  carried  on, 
but  this  is  occasionally  ab- 
sent.    Distinct  respiratory  ^.  ^.         .  ,, 

J    hig.  179. — Diagram  of  a  Mollusc,    a.  Alimen- 
OrganS  may  or  may  not  be      tary  canal;  /i  Heart;  /  Foot;  w  Cerebral 

present.     Reproduction  is  s-^^-"  =  p--'- 

sexual,  though  gemmation 

is  also  occasionally  superadded.  The  higher  Mollusca  are  all 
simple  animals,  but  many  of  the  lower  forms  are  capable  of 
forming  colonies  by  continuous  gemmation. 

The  digestive  system  in  all  the  Mollusca  consists  of  a  mouth, 
gullet,  stomach,  intestine,  and  anus— though  in  some  of  the 
Brachiopoda,  and  in  a  few  other  forms,  the  intestine  ends 
c^cally.  In  some  the  mouth  is  surrounded  by  ciliated  ten- 
tacles {Folyzoa,  fig.  182);  in  others  it  is  furnished  with  two 
ciliated  arms  {Brachiopoda,  fig.  187);  in  the  bivalves  {Lamelli- 
branchiata)  it  is  mostly  furnished  with  four  membranous  pro- 
cesses or  palpi  (fig.  191)3  in  others  it  is  provided  with  a  com- 
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plicated  apparatus  of  teeth  {Gasteropoda,  fig.  195,  and  Ptero- 
podd) ;  and,  lastly,  the  Cephalopoda  have,  in  addition,  homy  or 
calcareous  mandibles,  forming  a  kind  of  beak.  Well-developed 
salivary  glands  are  usually  present;  the  liver  in  the  higher 
forms  is  of  large  size,  and  pours  its  secretion  either  into  the 
stomach  or  into  the  commencement  of  the  intestine ;  and  a 
renal  organ  has  been  detected  in  most  of  the  Mollusca  proper. 
There  is  no  distinct  absorbent  system,  but  the  products  of 
digestion  pass  by  exosmose  into  the  general  abdominal  cavity, 
and  thence  into  the  larger  veins. 

The  blood  is  colourless,  or  nearly  so.  In  the  Polyzoa  the 
circulation  is  carried  on  by  ciliary  action,  and  there  is  no  dis- 
tinct propulsive  organ,  or  definite  course  of  the  circulating 
fluid.  In  the  Tunicata  the  heart  is  a  simple  tube,  open  at  both 
ends,  and  the  course  of  the  circulation  is  periodically  reversed. 
In  the  Brachiopoda  the  course  of  the  circulation  is  not  defi- 
nitely ascertained,  and  it  is  doubtful  if  a  true  heart  is  present 
in  all.  In  the  higher  Mollusca  a  distinct  heart  is  always 
present,  and  consists  of  an  auricle  which  receives  the  aerated 
blood  from  the  breathing-organ,  and  a  muscular  ventricle 
which  propels  it  through  the  systemic  vessels.  That  a  system 
of  capillaries  in  many  cases  intervenes  between  the  arteries 
and  veins,  appears  from  recent  researches  to  be  probable. 
In  all  cases  the  heart  of  the  Mollusca  is  systemic,  distributing 
the  aerated  blood  to  the  body ;  and  in  no  case  is  it  respiratory, 
propelling  the  non-aerated  blood  to  the  breathing-organ. 

In  the  Polyzoa  there  is  no  differentiated  respiratory  organ, 
and  the  function  of  respiration  is  discharged  mainly  by  the 
oral  crown  of  ciliated  tentacles.    In  the  Tunicata  respiration 
is  effected  by  means  of  the  pharyngeal  or  branchial  sac ;  and 
in  the  Brachiopoda  by  the  oral  arms,  and  possibly,  to  some 
extent,  by  an  "atrial"  or  "water-vascular"  system,  furnished 
with  contractile  dilatations.    In  the  higher  Mollusca  a  distinct 
breathing-organ  is  always  present,  a  portion  of  the  mantle  being 
specialised  for  this  purpose.    In  the  Lamellibranchiatci,  and 
the  branchiate  Gasteropoda,  the  breathing-organs  are  in  the 
form  of  lamellar  and  pectinate  gills ;  and  the  same  is  the  case  . 
with  the  Cephalopoda.     In  the  pulmonale  Gasteropoda,  in  | 
which  respiration  is  aerial,  a  pulmonary  sac  or  air-chamber  is  / 
produced  by  the  folding  of  a  portion  of  the  mande,  over  the 
interior  of  which  the  pulmonary  vessels  are  distributed.  The 
chamber  thus  formed  communicates  with  the  exterior  by  af 
round  aperture,  which  can  be  opened  or  closed  at  will ;  and  the 
renovation  of  the  effete  air  within  the  sac  appears  to  be  effected 
mainly  or  entirely  by  simple  diffusion. 
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The  nervous  system  varies  considerably  in  its  development. 
In  the  Polyzoa,  Tunicata,  and  Brachiopoda — which  collectively 
constitute  the  Molhiscoida — the  nervous  system  consists  of  a 
single  ganglion,  or  of  a  principal  pair  with  accessory  ganglia, 
placed  between  the  oral  and  anal  apertures,  or  on  the  ventral 
surface  of  the  body.  The  true  Molluscan  type  (fig.  179),  how- 
ever, of  nervous  system  is  constituted  by  the  presence  of  three 
pairs  of  ganglia,  connected  with  one  another  by  commissures, 
but  distributed  in  a  characteristically  scattered  manner  (hetero- 
gangliate  type).  One  of  these  ganglia  is  situated  above  the 
oesophagus,  and  is  called  the  " supra-oesophageal"  or  "cere- 
bral" ganglion.  A  second  is  placed  below  the  oesophagus, 
and  is  termed  the  " infra-oesophageal "  or  "pedal"  ganglion 
(from  its  supplying  the  nerves  to  the  "  foot ").  The  third  pair 
is  the  most  persistent,  and  is  termed  the  "branchial"  or 
"  parieto-splanchnic  "  ganglion.  In  many  of  the  higher  Mol- 
lusca,  however,  the  cerebral  and  pedal  ganglia  are  fused  in  an 
oesophageal  ring. 

Organs  of  sight  exist  in  some  of  the  lower,  and  in  the  majo- 
rity of  the  higher,  Mollusca.  In  the  Cephalopoda,  and  in  some 
of  the  Gasteropoda  {e.g.,  Strombidce),  the  eyes  are  of  a  very  high 
type  of  organisation.  In  the  Lamellibranchiata  the  adults  are 
either  destitute  of  organs  of  vision,  or  possess  numerous  simple 
eyes  ("ocelli")  placed  along  the  margins  of  the  mantle-lobes. 
Similar  ocelli  are  also  found  in  some  of  the  Tunicata,  placed 
between  the  oral  tentacles.  Organs  of  hearing  ("  otocysts  ") 
exist  in  the  more  highly  organised  Mollusca,  especially  in  the 
Gasteropoda  and  Cephalopoda.,  and  supposed  olfactory  organs 
occur  in  some  of  the  latter. 

Reproduction  amongst  the  Mollusca  is  almost  invariably 
sexual,  but  it  is  by  continuous  gemmation  that  the  colonies  of 
the  Polyzoa,  and  the  social  and  compound  Tunicata,  are  pro- 
duced, and  the  "  statoblasts  "  of  the  former  offer  a  good  ex- 
ample of  non-sexual  reproduction.  The  sexes  may  be  distinct, 
or  are  in  many  cases  united  in  the  same  individual.  In  many 
forms  the  ova  are  arranged  in  rows,  so  as  to  form  a  strap  or 
ribbon  -  shaped  stracture,  termed  the  "nidamental  ribbon." 
There  is  generally  a  distinct  metamorphosis  in  development. 

As  implied  by  their  scientific  name,  the  Mollusca  are  mostly 
soft-bodied  animals;  but  their  popular  name  of  "Shell-fish" 
expresses  the  fact,  that  the  presence  of  a  shell,  protecting  the 
soft  body,  is  likewise  a  very  characteristic  feature  in  the  sub- 
kingdom.  At  the  same  time,  a  shell  is  not  universally  present, 
and  many  of  the  Mollusca  are  either  permanently  naked,  or 
possess  nothing  that  would  be  ordinarily  looked  upon  as  a 
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shell.  When  there  is  either  no  shell  at  all,  or  merely  a  rudi-  ^  ; 
mentary  shell  enclosed  in  the  mantle,  the  Mollusc  is  said  to 
be  "  naked."  The  shell  of  the  "  testaceous  "  Mollusca  is  very 
closely  related  to  the  respiratory  organs ;  "  indeed  it  may  be 
regarded  as  a  pjieumoskeleton,  being  essentially  a  calcified  por- 
tion of  the  mantle,  of  which  the  breathing-organ  is  at  most  a 
specialised  part.  ...  In  its  most  reduced  form  the  shell 
is  only  a  hollow  cone  or  plate,  protecting  the  breathing-organ 
and  heart,  as  in  Limax,  Testacella,  and  Carinaria.  Its  peculiar 
features  always  relate  to  the  condition  of  the  breathing-organ, 
and  in  Te^-ebratula  and  Pelo7iaia  it  becomes  identified  with  the 

gill.    In  the  Nudibranchs  the  vascular  mantle  performs,  wholly  ,  i 

or  in  part,  the  respiratory  office.    In  the  Cephalopods  the  shell  J,: 

becomes  complicated  by  the  addition  of  a  distinct,  internal,  I J 
chambered  portion  (^phragmacone),  which  is  properly  a  visceral   ^  r 

skeleton"  (Woodward).    In  a  great  many  of  the  Mollusca  '  Lj 

proper  the  shell  consists  of  but  a  single  piece,  and  they  are  '  jj, 

called  "univalves."    In  many  others  the  shell  consists  of  two  I 

separate  plates  or  "valves,"  and  these  are  called  "bivalves."  ( 1]^ 

In  others,  again,  as  in  the  Chiton,  the  shell  consists  of  more  I 

than  two  pieces,  and  is  said  to  be  "  multivalve."    Most,  how-  I 

ever,  of  the  multivalve  shells  of  older  writers  are  in  reality  I 

referable  to  the  Cirripedia.  I 

All  the  testaceous  Mollusca  (except  the  Argonaut),  and  most  I 

of  the  "naked"  forms,  acquire  a  rudimentary  shell  before  their  I 

liberation  from  the  ovum.    In  the  latter  this  rudimentary  shell  I 

is  cast  off  as  the  embryo  grows,  but  in  the  former  it  becomes  I 

the  "  nucleus  "  of  the  adult  shell.    In  the  bivalves  the  embry-  I 

onic  shell  or  "  nucleus  "  is  situated  at  the  beak  or  "  umbo  "  of  I 

each  valve,  and  is  often  very  unlike  the  remainder  of  the  shell.  I 

In  composition  the  shell  of  the  Mollusca  consists  of  carbonate  of  lime —  I 

usually  having  the  atomic  arrangement  of  calcite — with  a  small  proportion  I 

of  animal  matter.    In  the  Fholadidcs,  however,  the  calcareous  matter  exists  I 

in  the  allotropic  condition  of  arragonite,  which  is  very  much  harder  than  |  I 

calcite.    As  regards  their  texture,  three  principal  varieties  of  shells  may  I 

be  distinguished— viz.,  the  " porcellanous,"  the  ''nacreous,"  and  the  |l 

"fibrous."    In  the  "nacreous"  or  pearly  shells,  as  seen  in  "mother-of-  I 

pearl,"  the  shell  has  a  peculiar  lustre,  due  to  the  minute  undulations  of  I 

the  edges  of  alternate  layers  of  carbonate  of  lime  and  membrane.    The  I 

"fibrous  "  shells  are  composed  of  successive  layers  of  prismatic  cells.    The  I 

"  porcellanous  "  shell  has  a  more  complicated  structure,  and  is  composed  f  I 

of  three  layers  or  strata,  each  of  which  is  made  up  of  very  numerous  plates,  ■ 

"  like  cards  placed  on  edge."    The  direction  in  which  the  vertical  plates  ■ 

are  placed,  is  sometimes  transverse  in  the  central  layer,  and  lengthwise  m  I 

the  two  others ;  or  longitudinal  in  the  middle,  and  transverse  in  the  outer  I 

and  inner  strata.  I 

All  living  shells  have  an  outer  layer  of  animal  matter,  which  is  knowni  as  ■ 

the  "epidermis,"  or  "  periostracum. "    This  is  sometimes  of  extreme  ten-  | 
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uity,  but  is  sometimes  very  thick,  the  latter  being  especially  the  case  with 
those  shells  which  are  found  in  fresh  water. 

In  many  of  the  spiral  univalves,  as  the  animal  grows  it  withdraws  itself 
from  the  upper  portion  of  the  shell,  often  partitioning  off  the  space  thus 
left  vacant.  In  many  instances  the  portion  thus  abandoned  falls  off,  and  the 
shell  becomes  "truncated,"  or  "decollated  ;"  this  being  the  normal  con- 
dition in  fully-grown  examples  of  some  shells. 

In  the  great  majority  of  univalves  the  shell  is  coiled  into  a  spiral,  the 
direction  of  which  is  right-handed,  but  in  some  cases  the  spiral  is  left- 
handed,  and  the  shell  is  said  to  be  "reversed,"  or  "sinistral."  There- 
versed  shell  may  occur  as  the  noimal  condition  of  the  species,  or  it  may 
'  iccur  simply  as  a  variety  of  a  fonn  which  is  normally  right-handed,  or 
•'dextral." 

The  sub-kingdom  Mollusca  is  divided  into  two  great  divi- 
sions, termed  respectively  the  Molluscoida,  and  the  Mollusca 
proper.  In  the  former  of  these  the  nervous  system  consists  of 
a  single  ganglion  or  principal  pair  of  ganglia,  and  there  is 
either  no  circulatory  organ  or  an  imperfect  heart.  In  the 
latter  the  nervous  system  consists  of  three  principal  pairs  of 
ganglia,  and  there  is  a  well-developed  heart,  consisting  of  at 
least  two  chambers. 
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CHAPTER  XLII. 
POLYZOA. 

Division  A.  Molluscoida. — Nervous  system  consisting  of  a 
single  ganglio7i,  or  of  a  principal  pair  with  accessory  ganglia;  no 
distinct  organ  of  the  circulatio?i,  or  an  imperfect  heart. 

This  division  includes  three  classes — viz.,  the  Folyzoa,  the 
Tunicata,  and  the  Brachiopoda. 

Class  I.  Polyzoa  {Bryozoa). — The  members  of  this  class 
are  defined  as  follows  : — "  Alimentary  cajial  suspended  in  a 
double-walled  sac,  from  which  it  may  be  partially  protruded  by  a 
process  of  ei>agination,  and  i?ito  which  it  may  be  again  retracted 
by  invaginatioji.  Mouth  sicrrounded  by  a  circle  or  crescent  of 
hollow^  ciliated  tejitacles ;  animals  always  forming  composite 
colonies  "  (Allman). 

All  the  Polyzoa  live  in  an  associated  form  in  colonies  or 
"  polyzoaria,"  which  are  sometimes  foliaceous  (fig.  i8o),  some- 
times branched  and  plant-like,  sometimes  encrusting,  and  very 
rarely  are  free.    Each  "  polyzoarium "  consists  of  an  assem- 
blage of  distinct  but  similar  zooids  arising  by  continuous  gem- 
mation from  a  single  primordial  individual.   The  colonies  thus 
produced  are  in  very  many  respects  closely  similar  to  those  of  | 
many  of  the  Hydroid  Polypes,  with  which,  indeed,  the  Polyzoa  \, 
were  for  a  long  time  classed.    The  "  polyzoarium,"  however,  ' 
of  a  Polyzodn  differs  from  the  polypidom  of  a  composite  H)^- 
droid  in  the  general  fact  that  the  separate  cells  of  the  former  \ 
do  not  communicate  with  one  another  otherwise  than  by  the 
continuity  of  the  external  integument ;  whereas  the  zo5ids  of  ' 
the  latter  are  united  by  an  organic  connecting  medium,  or 
"  ccenosarc,"  from  which  they  take  their  origin.  ! 

In  one  group  of  the  Polyzoa — viz.,  the  Ctcnosto?nata  (includ- 
ing Vesicularia  and  its  allies),  the  cells  arise  from  a  common 
stalk,  and  are  thus  placed  in  communication  with  one  another;  . 
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lit  this  hardly  affects  the  general  value  of  the  distmction 
(above  spoken  of. 

The  homomorphism,  however,  which  subsists  between  the 


Fig.  i8o. — Flustra  foliacea,  one  of  the  Sea-mats,  a  Portion  of  the  colony,  natural 
size  ;  b  A  fragment  magnified,  to  show  the  cells  in  which  the  separate  polypides  are 
contained. 

Polyzoa  and  the  Hydroida,  is  shown  most  decisively  not  to  be 
a  true  affinity,  when  the  structure  of  the  individual  zooids  is 
examined.  The  polypite  of  a  Hydroid  Zoophyte,  as  we  have 
already  seen,  possesses  no  alimentary  canal  distinct  from  the 
general  cavity  of  the  body;  there  are  no  traces  of  a  nervous 
system,  and  the  reproductive  organs  are  in  the  form  of  exter- 
nal processes  of  the  body-wall.  In  the  zooid  of  all  the  Polyzoa 
(fig.  i8i,  2),  on  the  other  hand,  there  is  a  distinct  alimentary 
canal,  completely  shut  off  from  the  somatic  cavity ;  a  nervous 
system  is  present,  and  the  reproductive  organs  are  contained 
within  the  body. 

In  the  Polyzoa^  the  entire  colony — or  its  entire  dermal  system 
— is  called  the  "  polyzoarium  "  or  "  coenoecium  3 "  the  separate 
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zooids  are  called  "polypides;"  and  the  little  chambers  in 
which  each  is  contained  are  called  the  "  cells,"  or  "  zooecia." 

It  will  be  seen,  therefore,  that  the  term  polypite  is  restricted 
to  the  zooid  of  a  compound  Hydrozoon,  or  to  the  entire  hydro- 
soma  of  a  simple  member  of  the  class.  The  term  polype  is 
applied  to  a  simple  Actinozoon,  or  to  the  zooids  of  a  compound 
actinosoma.  Lastly,  the  term  polypide  is  exclusively  employed 
to  designate  the  zooid  of  one  of  the  Polyzoa. 

The  construction  of  a  typical  polypide  of  a  Polyzodn  is  thus 
described  by  Professor  AUman  (fig.  i8i,  2) :  

"  Let  us  imagine  an  alimentary  canal,  consisting  of  ceso- 


Fig.  181. — Morphology  of  Polyzoa.  i.  Portion  of  the  coenoecium  of  Flttstra  tniiuata, 
magnified.  2.  Diagram  of  a  Polyzoon  (after  AUman) :  a  Region  of  the  mouth  sur- 
rounded by  tentacles  ;  b  Alimentary  canal  ;  c  Anus  ;  d  Nervous  ganglion  ;  e  Invest- 
ing sac  (ectocyst);  /Testis;  /'  Ovary;  ^Retractor  muscle.  3.  Bird's-head  pro- 
cess, or  "  avicularium,"  of  a  Polyzoon. 


phagus,  Stomach,  and  intestine,  to  be  furnished  at  its  origin 
with  long  ciliated  tentacula,  and  to  have  a  single  nervous  gan-  • 
glion  placed  upon  one  side  of  the  oesophagus.    Let  us  now 
suppose  this  canal  to  be  bent  back  upon  itself  towards  the  : 
side  of  the  ganglion,  so  as  to  approximate  the  termination  tO;  t 
the  origin.    Let  us  further  imagine  the  digestive  tube  thus 
constituted  to  be  suspended  in  a  fluid  contained  in  a  mem- 
branous sac  with  two  openings,  one  for  the  mouth  and  the 
other  for  the  vent,  the  tentacula  alone  being  external  to  the 
sac.    Let  us  still  further  suppose  the  alimentary  tube,  by  means 
of  a  system  of  muscles,  to  admit  of  being  retracted  or  pro- 
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truded  according  to  the  will  of  the  animal ;  the  retraction 
being  accompanied  by  an  invagination  of  the  sac,  so  as  par- 
tially or  entirely  to  include  the  oral  tentacles  within  it;  and  if 
to  these  characters  we  add  the  presence  of  true  sexual  organs 
in  the  form  of  ovary  and  testis,  occupying  some  portion  of  the 
interior  of  the  sac,  and  the  negative  character  of  the  absence 
of  all  vestige  of  a  heart,  we  shall  have,  perhaps,  as  correct 
an  idea — apart  from  all  considerations  of  homology  or  deriva- 
tion from  an  archetype — as  can  be  conveyed  of  the  essential 
structure  of  a  Polyzoon  in  its  simplest  and  most  generalised 
condition. 

"  To  give,  however,  more  actuality  to  our  ideal  Polyzoon, 
we  may  bear  in  mind  that  the  immediately  investing  sac  has 
the  power,  in  almost  every  case,  of  secreting  from  its  external 
surface  a  secondary  investment,  of  very  various  constitution 
in  the  different  groups ;  and  we  may,  moreover,  conceive  of 
the  entire  animal  with  its  digestive  tube,  tentacula,  ganglion, 
muscles,  generative  organs,  circumambient  fluid,  and  investing 
sacs,  repeating  itself  by  gemmation,  and  thus  producing  one 
or  more  precisely  similar  systems,  holding  a  definite  position 
relatively  to  one  another,  while  all  continue  organically  united, 
and  we  shall  then  have  the  actual  condition  presented  by  the 
Polyzoa  in  their  fully-developed  state." 

The  vast  majority  of  the  Polyzoa  are  fixed,  but  this  is  not 
universally  the  case.  Thus  the  singular  fresh-water  Cristaiella 
is  free  and  locomotive,  creeping  about  by  means  of  a  flattened 
discoid  base,  not  unlike  the  foot  of  the  Gasteropoda. 

The  two  fundamental  structures  of  the  "  coenoecium  "  of  a 
Polyzoon — viz.,  the  immediately  investing  sac,  and  its  secon- 
dary investment — are  sometimes  termed  the  "  endoderm  "  and 
"ectoderm;"  but  as  these  terms  are  employed  in  describing 
the  Hydrozoa,  it  is  better  to  make  use  of  the  terms  "  endocyst  " 
and  "  ectocyst,"  proposed  by  Dr  Allman, 

The  "ectocyst,"  or  external  investment  of  the  coencecium, 
is  usually  a  brown,  pergamentaceous,  probably  chitinous,  but 
often  highly  calcareous,  membrane;  and  it  is  by  the  ectocyst 
that  the  "cells"  are  formed.  In  Cristaiella,  alone  of  the 
Polyzoa,  there  is  no  ectocyst,  and  in  Lophopus  (fig.  182,  3)  the 
ectocyst  is  gelatinous  in  its  consistence.  In  many  cases  the 
ectocyst  is  provided  with  singular  appendages,  supposed  to 
be  weapons  of  offence  and  defence,  or  organs  of  prehension, 
termed  "avictilaria"  (fig.  181,  3)  and  "vibracula."  The 
avicularia,  or  "bird's-head  processes,"  differ  a  good  deal  in 
shape,  but  consist  essentially  of  "  a  movable  mandible  and  a 
cup  furnished  with  a  horny  beak,  with  which  the  point  of  the 
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mandible  is  capable  of  being  brought  into  apposition  "  (Busk), 
In  shape  the  avicularia  often  closely  resemble  the  head  of 
a  bird,  and  they  are  in  many  respects  comparable  with  the 
"  pedicellariEe  "  of  the  Echinodermata^  keeping  up  a  constant 
snapping  movement,  which  continues  long  after  the  death  of 
the  general  colony.  In  the  "  vibracula,"  the  place  of  the  man- 
dible of  the  avicularium  is  taken  by  a  bristle,  or  seta,  which  is 
capable  of  extensive  movement.  In  many  cases  the  cells  are 
also  furnished  with  globular  sacs  or  pouches  ("ovicells  "  or 
"  oocysts "),  appended  to  them,  and  serving  as  marsupial 
pouches  for  the  ova. 

It  is  generally  beheved  that  the  avicularia,  vibracula,  and 
ovicells  are  really  undeveloped  polypides  or  modified  zooids. 
Good  authorities  also  beHeve  that  the  "  cells  "  or  "  zooecia  " 
themselves  are  not  to  be  regarded  as  mere  skeletal  structures, 
but  that  they  have  a  life  independent  of  that  of  their  con- 
tained polypides,  and  that  they  can  continue  to  live  and  pro- 
duce new  polypides  after  the  death  of  the  latter.  They  are 
regarded,  in  fact,  as  separate  zooids. 

The  endocyst  is  always  soft,  contractile,  and  membranous ; 
and,  according  to  Sars,  is  wanting  in  Rhabdopleji?'a.  It  lines 
the  interior  of  the  cells  formed  by  the  ectocyst,  and  is  reflected 
backwards  at  the  mouth  of  the  cell,  so  as  to  be  invaginated,  or 
inverted  into  itself  j  and  it  finally  terminates  by  being  attached 
to  the  base  of  the  circlet  of  tentacles.  This  invagination  of 
the  endocyst  is  more  or  less  permanently  present  in  all  the 
fresh-water  Polyzoa.  A  portion  of  the  inner  surface  of  the 
endocyst,  if  not  the  whole,  is  furnished  with  vibratile  cilia. 

The  mouth  of  each  polypide  is  surrounded  by  a  crown  of 
tubular,  non-retractile  tentacles,  which  have  their  sides  ciliated, 
and  are  arranged  sometimes  in  a  circle  and  sometimes  in  a 
crescent.  In  the  fresh-water  Polyzoa  the  tentacles  are  united 
towards  their  bases  by  a  funnel-shaped  membrane,  known  as 
the  "  calyx."  The  tentacles  are  borne  upon  a  kind  of  disc,  or 
stage,  which  is  termed  by  Professor  Allman  the  "  lophophore." 
In  the  majority  of  Polyzoa — including  almost  all  the  marine 
species— the  lophophore  is  circular  (fig.  182,  2) ;  but  in  most  of  ^ 
the  fresh-water  forms  it  has  its  neural  side  extended  into  two  ' 
long  arms,  so  that  the  entire  lophophore  becomes  crescentic 
or  "horse-shoe-shaped"  (fig.  182,  3);  hence  this  section  is 
sometimes  collectively  termed  the  "  Hippocrepian "  Polyzoa, 
In  all,  or  almost  all,  the  Polyzoa  in  which  this  crescentic  con- 
dition of  the  lophophore  exists,  there  is  also  a  singular  valve- 
like organ  which  arches  over  the  mouth,  and  is  termed  the 
"  epistome."    The  only  marine  forms  in  which  the  lophophore 
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is  bilateral  are  Pedicellina  and  Rhabdopleura ;  the  only  fresh- 
water species  in  which  the  lophopore  is  orbicular  are  Paludi- 
cella  and  Urnatella. 

The  mouth  conducts  by  an  cesophagus  into  a  dilated  stomach. 


Fig.  182. — I.  Fragment  of  Flnstra  trwicata,  one  of  the  Sea-mats,  natural  size.  2.  A 
single  polypide  of  Valkeria,  magnified,  showing  the  orbicular  crown  of  tentacles. 
3.  A  polypide  of  Lophopus  crysiallhnts,  a  fresh-water  Polyzoon,  highly  magnified, 
showing  the  horse-shoe-shaped  crown  of  tentacles  :  a  Tentacular  crown  ;  b  Gullet  ; 
c  Stomach  ;  d  Intestine  ;  e  Anus  ;  g  Gizzard  ;  k  Endocyst ;  /  Ectocyst ;  f  Funiculus. 


In  some  cases  a  pharynx  may  be  present,  and  in  others  there 
is  in  front  of  the  stomach  a  muscular  proventriculus,  or  giz- 
zard. From  the  stomach  proceeds  the  intestine,  which  shortly 
turns  forward  to  open  by  a  distinct  anus  close  to  the  mouth. 
As  the  nervous  ganglion  is  situated  on  that  side  of  the  mouth 
towards  which  the  intestine  turns  in  order  to  reach  its  termina- 
tion, the  intestine  is  said  to  have  a  "  neural  flexure ; "  and  this 
relation  is  constant  throughout  the  entire  class. 

Respiration  in  the  Polyzoa  appears  to  be  carried  on  by  the 
ciliated  tentacles,  and  by  the  "  perigastric  space,"  which  is 
filled  with  a  clear  fluid,  containing  solid  particles  in  suspen- 
sion. A  kind  of  circulation  is  kept  up  in  this  "perigastric 
fluid"  by  means  of  the  cilia  lining  the  inner  surface  of  the 
endpcyst.  Beyond  this  there  is  nothing  that  could  be  called 
a  circulation,  and  there  are  no  distinct  circulatory  organs  of 
any  kind. 
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The  nervous  system  in  all  the  Polyzoa  consists  of  a  single 
small  ganglion  (fig.  i8i,  2),  placed  upon  one  side  of  the  oeso- 
phagus, between  it  and  the  anal  aperture.  Besides  the  single 
ganglion  which  belongs  to  each  polypide,  there  is  also  in  some 
of  \}s\&  Polyzoa,  a  "colonial  nervous  system;"  that  is  to  say, 
there  is  a  well  -  developed  nervous  system,  which  unites  to- 
gether the  various  zooids  composing  the  colony,  and  brings 
them  into  relation  with  one  another.  It  is  probably  in  virtue 
of  this  system  that  the  avicularia  are  enabled  to  continue  their 
movements  and  retain  their  irritability  after  the  death  of  the 
polypides. 

The  muscular  system  is  well  developed,  and  consists  of 
various  muscular  bands,  with  special  functions  attaching  to 
each.  The  most  important  fasciculi  are  the  retractor  muscles 
(fig.  181,  2,  g),  which  retract  the  upper  portion  of  the  polypide 
within  the  cell.  These  muscles  arise  from  the  inner  surface  of 
the  endocyst  near  the  bottom  of  the  cell,  and  are  inserted  into 
the  upper  part  of  the  oesophagus.  The  polypide,  when  re- 
tracted, is  again  exserted,  chiefly  by  the  action  of  the  "  parietal 
muscles,"  which  are  in  the  form  of  circular  bundles  running 
transversely  round  the  cell. 

As  far  as  is  known,  all  the  Polyzoa  are  hermaphrodite,  each 
polypide  containing  an  ovary  and  testis  (fig.  181,  2).  The 
ovary  is  situated  near  the  summit  of  the  cell,  and  is  attached 
to  the  inner  surface  of  the  endocyst.  The  testis  is  situated  at 
the  bottom  of  the  cell,  and  a  curious  cylindrical  appendage, 
called  the  "  funiculus,"  usually  passes  from  it  to  the  fundus  of 
the  stomach.  There  are  no  efferent  ducts  to  the  reproductive 
organs;  and  the  products  of  generation — i.e.,  the  spermatozoa 
and  ova — are  discharged  into  the  perigastric  space,  where 
fecundation  takes  place ;  and  the  impregnated  ova  escape  by 
special  openings  in  the  body-wall,  by  dehiscence  of  the  cell, 
or  in  some  manner  not  as  yet  understood. 

As  already  mentioned,  continuous  gemmation  occurs  in  all 
the  Polyzoa,  the  fresh  zooids  thus  produced  remaining  attached 
to  the  organism  from  which  they  were  budded  forth,  and  thus 
giving  rise  to  a  compound  growth. 

A  form  of  discontinuous  gemmation,  however,  occurs  in  many  of  the 
Polyzoa,  in  which  certain  singular  bodies,  called  "  statoblasts,"  are  devel- 
oped in  the  interior  of  the  polypide.  The  statoblasts  are  found  m  certain 
seasons  lying  loose  in  the  perigastric  cavity.  In  form  "they  may  be 
generally  described  as  lenticular  bodies,  varying,  according  to  the  species, 
from  an  orbicular  to  an  elongated-oval  figure,  and  enclosed  in  a  horny 
shell,  which  consists  of  two  concavo-convex  discs  united  by  their  margins, 
where  they  are  further  strengthened  by  a  ring  which  runs  round  the  entire 
margin,  and  is  of  different  structure  from  the  discs.  .  .  .  When  the  state- 
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■blasts  are  placed  under  circumstances  favouring  their  development,  they 
open  by  the  separation  from  one  another  of  the  two  faces,  and  there  then 
escapes  from  them  a  young  Polyzoon,  already  in  an  advanced  stage  of  de- 
velopment, and  in  all  essential  respects  resembling  the  adult  individual  in 
whose  cell  the  statoblasts  were  produced  "  (Allman).  The  statoblasts  are 
formed  as  buds  upon  the  "funiculus" — the  cord  already  alluded  to  as  ex- 
tending from  the  testis  to  the  stomach — upon  which  they  may  usually  be 
seen  in  different  stages  of  growth.  They  do  not  appear  to  be  set  free  from 
the  perigastric  space  prior  to  the  death  of  the  adult,  and  when  liberated 
they  are  enabled  to  float  near  the  surface  of  the  water,  in  consequence  of 
the  cells  of  the  marginal  ring,  or  "annulus,"  being  spongy  and  filled  with 
air.  They  must  be  looked  upon  as  gemmce  peculiarly  encysted,  and 
destined  to  remain  for  a  period  in  a  quiescent  or  pupa-like  state"  (All- 
man). 

As  regards  the  development  of  the  Polyzoa,  the  embryo 
upon  its  emergence  from  the  ovum  presents  itself  as  a  ciliated, 
free-swimming,  sac-like  body,  from  which  the  polypide  is  sub- 
sequently produced  by  a  process  of  gemmation.  In  the  singu- 
lar Rhabdopleura  the  primitive  bud  is  enclosed  between  two 
fleshy  lobes  or  valve-like  plates,  attached  along  their  dorsal 
margin,  and  giving  exit  in  front  to  the  rudimentary  lophophore. 
As  the  development  proceeds,  these  plates  cease  to  keep  pace 
in  their  growth  with  the  rest  of  the  bud ;  till  ultimately  they 
appear  as  a  peculiar  shield-like  organ  on  the  haemal  side  of  the 
lophophore.  These  lobes  have  been  compared  by  Dr  Allman 
with  the  mantle-lobes  of  the  Lamellibrmichiata. 

Divisions  of  the  Polyzoa. — The  Polyzoa  are  divided  into 
two  divisions  or  orders — the  Phyladolamata  (fig.  182,  3),  dis- 
tinguished by  the  possession  of  a  bilateral  horse-shoe-shaped 
lophophore,  and  of  an  "  epistome  "  arching  over  the  mouth ; 
and  the  Gymiiolcemata  (fig.  182,  2),  in  which  the  lophophore 
is  orbicular,  and  there  is  no  epistome. 

The  order  of  the  Phylactolcemata  includes  most  of  the  fresh-water  Polyzoa, 
forming  the  families  Pbiniatellidce  (or  Lophopea)  and  Cristatellidcs.  Two 
marine  genera — viz.,  Pedicellina  Rhabdopleura — the  types  of  two  distinct 
sub-orders — are  also  comprised  in  the  order.  In  the  latter  of  these  the 
branched  tubular  coenoecium  is  furnished  with  a  correspondingly  divided 
chitinous  rod,  to  which  the  polypites  are  attached  by  their  funiculi,  on  its 
adherent  side.  Loxosoma  has  been  sometimes  placed  near  Pedicellina,  but 
is  an  anomalous  form,  with  affinities  to  the  Hydroids. 

The  order  of  the  GymnoUemata  includes  the  fresh-water  genera  Paludi- 
cella  and  Urnatella,  and  the  vast  majority  of  the  marine  Polyzoa.  Of  these 
latter,  the  sub-order  of  the  Cheilostomaia  is  the  most  miportant,  as  em- 
bracing the  greater  number  of  the  common  forms.  In  these,  the  opening 
of  the  cell  is  sub-terminal,  and  is  generally  closed  by  a  movable  lip  or 
shutter.  On  the  other  hand,  in  the  sub-order  Cyclostomata,  the  cells  are 
tubular,  the  orifices  terminal,  of  the  same  diameter  as  the  cell  itself,  and 
without  any  movable  apparatus  for  closure.  Lastly,  in  the  singular  group 
of  the  Clenostomata  (including  Vesicularia,  Alcyonidiuin,  and  Valkeria),  the 
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cells  arise  from  a  common  tube,  and  their  mouths  are  terminal,  and  fur- 
nished with  a  setose  fringe  for  their  closure. 

Affinities  of  the  Polyzoa. — By  many  zoologists  the  Poly- 
zoa  are  now  regarded  as  being  an  anomalous  class  of  Worms, 
closely  related  to  the  true  Amielides.  That  there  are  points  of 
relationship  between  these  apparently  diverse  groups  cannot 
be  doubted ;  but  these  do  not  seem  sufficient  to  outweigh  the 
points  of  divergence,  such,  for  example,  as  the  absence  of  seg- 
mentation in  the  former,  and  the  totally  different  form  of  the 
nervous  system.  The  Polyzoa  have  also  striking  affinities  with 
the  Brachiopoda  and  Tunicata,  and  even  some  with  the  Mol- 
lusca  proper ;  and  it  has  not,  therefore,  appeared  advisable  to 
remove  them  to  the  division  of  the  Anarthi'opoda. 

Distribution  of  Polyzoa  in  Space. — The  Polyzoa,  like  all 
the  Molluscoida,  are  exclusively  aquatic  in  their  habits,  but, 
unlike  the  remaining  two  classes,  they  are  not  exclusively  con- 
fined to  the  sea.  The  marine  Polyzoa  are  of  almost  universal 
occurrence  in  all  seas.  The  fresh-water  Polyzoa,  however,  not 
only  differ  materially  from  their  marine  brethren  in  structure, 
but  appear  to  have  a  much  more  limited  range,  being,  as  far  as 
is  yet  known,  principally  characteristic  of  the  north  temperate 
zone.  Britain  can  claim  the  great  majority  of  the  described 
species  of  fresli-water  Polyzoa,  but  this  is  probably  due  to  the 
more  careful  scrutiny  to  which  this  country  has  been  subjected. 
Fresh-water  Polyzoa  have  also  been  found  in  the  southern 
hemisphere,  in  Australia  and  India. 

Distribution  of  Polyzoa  in  Time. — The  Polyzoa  have 
left  abundant  traces  of  their  past  existence  in  the  stratified 
series,  commencing  in  the  Lower  Silurian  Rocks  and  extend- 
ing up  to  the  present  day.    The  Oldhamia  of  the  Cambrian  . 
Rocks  of  Ireland,  and  the  Graptolites,  have  been  supposed  to  I 
belong  to  the  Polyzoa  ;  but  the  former  is  very  possibly  a  plant,  I 
and  the  latter  should  be  referred  to  the  Hydrozoa.    Of  un- 
doubted Polyzoa,  the  marine  orders  of  the  Cheilostoinata  and 
Cyclostomata  are  alone  known  with  certainty  to  be  represented.  % 
Several  Palaeozoic  genera — such  as  Fcncstclla  (the  Lace-coral), 
Ptilodictya,  Ptilopora,  &c. — are  exclusively  confined  to  this 
epoch,  and  do  not  extend  into  the  Secondary  Rocks.  Amongst 
the  Mesozoic  formations,  the  Chalk  is  especially  rich  in  Poly-  \ 
zoa,  over  two  hundred  species  having  been  already  described 
from  this  horizon  alone.    In  the  Tertiary  period,  the  Coralline 
Crag  (Pleiocene)  is  equally  conspicuous  for  the  great  number 
of  the  members  of  this  class. 
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TUNICATA. 


Class  II.  Tunicata  {Ascidioida). — The  members  of  this  class 
of  the  Molhcscoida  are  defined  as  follows  : — Alimentary  canal 
suspended  in  a  double-walled  sac,  but  not  capable  of  protrusio7i 
and  retraction ;  mouth  ope?iing  into  the  bottom  of  a  respiratory 
sac,  tuhose  walls  are  more  or  less  completely  lined  by  a  network 
of  blood-vessels^^  (Allman).  Animal  simple  or  composite.  An 
imperfect  heart  in  the  form  of  a  simple  tube  open  at  both  ends. 
Sexes  mostly  united ;  a  metamorphosis  in  development. 

The  Tunicaries  are  all  marine,  and  are  protected  by  a  lea- 
thery, elastic  integument,  which  takes  the  place  of  a  shell.  In 
appearance  a  solitary  Ascidian  (fig.  183,  C)  may  be  compared 


Fig  183.— Morphology  of  Tunicata.  A,  Diagram  of  the  structure  of  a  simple  Tuni- 
cate :  t  lest ;  i'  becond  muscular  tunic  ;  j  Branchial  sac  ;  i  Branchial  aperture  •  a 
Atrial  aperture  ;  c  Atrium  ;  Opening  of  the  gullet  ;  ^  Stomach,  leading  into  the 
mtestme  ;  an  Anal  aperture  ;  n  Nerve-ganglion.  B,  Botryllus  sinarasdns—2.  small 
ion  ot  a  colony  of  the  natural  size,  and  a  single  system  of  the  same  enlareed  •  co 
mon  atrial  aperture  :  br  Branchial  aoertiire  of  one  nf  thp  tc.-.WA^     r   ^r.;  ' 


portion  01  a  coiony  ot  the  natural  size,  and  a  single  system  of  the  same  enlareed  ■  co 
Common  atrial  aperture  ;  ir  Branchial  aperture  of  one  of  the  zoiiids  C  Mol^da 
Manhattcnsis,  a  simple  Ascidian.  The  arrows  in  A  and  C  show  the  direction  of 
the  water-currents.  ""ci-iiuu  oi 


to  a  double-necked  jar  with  two  prominent  apertures  situated 
close  to  one  another  at  the  free  extremity  of  the  animal,  one 
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of  these  being  an  ingestive  and  branchial  aperture,  whilst  the 
other  serves  as  an  excretory  aperture.  The  covering  of  an 
Ascidian  is  composed  of  two  layers.  Of  these  the  outer  is 
called  the  "  external  tunic,"  or  "  test,"  and  is  distinguished  by 
its  generally  coriaceous  or  cartilaginous  consistence.  It  is  also 
remarkable  for  containing  a  substance  which  gives  the  same 
chemical  reactions  as  cellulose,  and  is  probably  identical 
with  this  characteristic  vegetable  product.  Sometimes  it  con- 
tains spicules  or  plates  of  calcareous  matter.  The  test  is  lined 
by  a  second  coat,  which  is  termed  the  "second  tunic,"  or 
"mantle,"  and  which  is  mainly  composed  of  longitudinal  and 
circular  muscular  fibres.  By  means  of  these  the  animal  is  en- 
dowed with  great  contractility,  and  has  the  power  of  ejecting 
water  from  its  branchial  aperture  with  considerable  force. 
The  mantle  lines  the  test,  but  is  only  slightly  and  loosely  at- 
tached to  it,  especially  near  the  apertures.  The  ingestive  or 
branchial  aperture  (fig.  183,  A,  d)  is  generally  surrounded  by  a 
circlet  of  small,  non-ciliated,  non-retractile  tentacles,  and  opens 
into  a  large  chamber  (fig.  183,  A,  s),  which  usually  occupies 
the  greater  part  of  the  cavity  of  the  mantle,  and  has  its  walls 
perforated  by  numerous  apertures.  This  is  known  variously 
as  the  "pharynx,"  the  "respiratory  sac,"  or  the  "branchial 
sac."  The  last  of  these  names  is  the  best,  as  it  is  not  certain 
that  the  perforated  respiratory  sac  is  really  the  homologue  of 
the  pharynx.  If  this  should  be  its  real  nature,  then  the  bran- 
chial opening  in  the  test  is  truly  the  ?nouf/i ;  but  good  authori- 
ties regard  the  branchial  sac  as  wholly  unconnected  with  the 
alimentary  canal.  Inferiorly  the  respiratory  sac  leads,  by  ai 
second  aperture  (fig.  183,  A,  0),  into  an  oesophagus,  which 
conducts  into  a  capacious  stomach  (g).  If  the  branchial  sac 
be  regarded  as  representing  a  dilated  pharynx,  then  its 
lower  aperture  is  the  true  mouth. 

From  the  stomach  an  intestine  is  continued,  generally  with 
few  flexures,  to  the  anal  aperture  (au),  which  does  not  com- 
municate directly  with  the  exterior,  but  opens  into  the  bot- 
tom of  a  second  chamber,  which  is  called  the  "  cloaca,"  or 
"  atrium  "  (c).  Superiorly  the  cloaca  communicates  with  the 
external  medium,  by  means  of  the  second  aperture  in  the  test 
(a).  The  first  bend  of  the  intestine  is  such  that,  if  contmued, 
it  would  bring  the  anus  on  the  opposite  side  of  the  mouth  to 
that  on  which  the  nervous  ganglion  is  situated.  The  intestme, 
therefore,  is  said  to  have  a  "  hremal  flexure  ;  "  whereas  the  flex- 
ure in  the  case  of  the  Fofyzoa  is  "  neural."  The  mtestme, 
however,  in  the  Tunicata  does  not  preserve  this  prnuary 
hsemal  flexure,  but  is  again  bent  to  the  neural  side  ot  the 
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body,  the  nervous  ganglion  coming  finally  to  be  situated  be- 
tween the  mouth  and  the  rectum.  As  just  stated,  the  anus 
is  not  in  direct  communication  with  the  exterior,  but  opens 
into  a  large  cavit}^  called  the  "cloaca,"  or  "atrial  chamber," 
which,  in  turn,  opens  externally  by  the  second  aperture  of  the 
animal.  This  cloaca  is  a  large  sac  lined  by  a  membrane 
which  "is  reflected  like  a  serous  sac  on  the  viscera,  and  con- 
stitutes the  '  third  tunic,'  or  '  peritoneum.'  "  From  the  cloaca 
"  it  is  reflected  over  both  sides  of  the  pharynx "  (respiratory 
sac),  "  extending  towards  its  dorsal  part  very  nearly  as  far  as 
that  structure  which  has  been  termed  the  '  endostyle.'  It  then 
passes  from  the  sides  of  the  pharynx  to  the  body-walls,  on 
which  the  right  and  left  lamellae  become  continuous,  so  as  to 
form  the  lining  of  the  chamber  into  which  the  second  aperture 
leads,  or  the  '  atrial  chamber.'  Posteriorly,  or  at  the  opposite 
end  of  the  atrial  chamber  to  its  aperture,  its  lining  membrane 
(the  '  atrial  tunic ')  is  reflected  to  a  greater  or  less  extent  over 
the  intestine  and  circulatory  organs.  .  .  .  Where  the 
'  atrial  tunic '  is  reflected  over  the  sides  of  the  pharynx,  the 
two  enter  into  a  more  or  less  complete  union,  and  the  surfaces 
of  contact  become  perforated  by  larger  or  smaller,  more  or 
less  numerous,  apertures.  Thus  the  cavity  of  the  pharynx 
acquires  a  free  communication  with  that  of  the  atrium ;  and 
as  the  margins  of  the  pharyngo-atrial  apertures  are  fringed 
with  cilia  working  towards  the  interior  of  the  body,  a  current 
is  produced,  which  sets  in  at  the  oral  aperture  and  out  by  the 
atrial  opening,  and  may  be  readily  observed  in  a  living  Asci- 
dian"  (Huxley). 

As  regards  some  points  in  the  above  description,  Professor 
Allman  does  not  agree  with  Huxley,  but  beheves,  on  the  other 
hand,  "  that  the  walls  of  the  atrium  simply  surround  the 
branchial  sac,  without  being  reflected  on  its  sides,  and  that 
the  branchial  sac  is  therefore  properly  withifi  the  cavity  of 
the  atrium." 

In  structure,  the  "  branchial "  sac  is  composed  of  a  series  of 
longitudinal  and  transverse  bars,  which  cross  each  other  at 
right  angles,  and  thus  give  rise  to  a  series  of  quadrangular 
meshes,  the  margins  of  which  are  fringed  with  vibratile  cilia. 
These  bars  are  hollow,  and  are  really  vessels  which  open  on 
each  side  into  two  main  longitudinal  sinuses,  the  so-called 
" branchial "  or  "thoracic"  sinuses — one  of  which  is  placed 
along  the  haemal  side  of  the  sac,  whilst  the  other  runs  along 
its  neural  aspect.  The  function  of  the  entire  perforated  sac 
is  clearly  respiratory. 

The  Tunicata  mostly  possess  a  distinct  heart,  consisting  of 
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a  simple  muscular  tube,  which  is  open  at  both  ends,  and  is 
/  not  provided  with  valves.  The  circulation  is  attended  with 
/  the  remarkable  peculiarity  of  being  periodically  reversed,  the 
j  blood  being  propelled  in  one  direction  for  a  certain  number 
of  contractions,  and  being  then  driven  for  a  like  period  in  an 
opposite  direction ;  "  so  that  the  two  ends  of  the  heart  are 
alternately  arterial  and  venous." 

The  nervous  system  consists  of  a  single  ganglion  placed  on 
one  side  of  the  oral  aperture,  between  it  and  the  anus,  in  all 
known  Timicata,  except  in  the  aberrant  form  Appendicularia. 

The  only  organs  of  sense  are  pigment-spots,  or  ocelli,  usually 
placed  between  the  oral  tentacles,  and  an  auditory  capsule, 
sometimes  containing  an  otolith.  These  organs,  however,  are 
not  constantly  present. 

With  the  exception  of  Doliolimi  and  Appendiadaria,  all  the 
Tunicata  are  hermaphrodite.  Mr  Saville  Kent,  however,  is  of 
opinion  that  Appe?idicularia  is  the  free  reproductive  zooid  of 
an  Ascidian,  bearing  to  the  adult  the  same  relation  that  the 
Medusae  do  to  the  Hydroid  colony.  The  reproductive  organs 
are  situated  in  the  fold  of  the  intestine,  and  their  efferent  duct 
opens  into  the  atrium.  The  embryo  Tunicate  (fig.  184,  A  and 
C)  is  at  first  generally  free,  and  is  mostly  shaped  like  the  tad- 
pole of  a  frog,  swimming  by  means  of  a  long  caudal  appendage. 
In  one  species  {Molgula  tubulosa)  the  larval  form  is  destitute  of 
a  tail,  inactive,  and  amoeboid,  and  it  almost  immediately  at- 
taches itself  by  means  of  little  outward  processes  which  it  de- 
velops. Several  other  species  of  Molgiila  are  also  destitute  of 
a  tail  when  in  the  embryo  condition  ;  but  the  embryos  of  those 
species  of  the  genus  which  are  fixed  in  the  adult  state  appear 
to  be  provided  with  a  caudal  appendage.  Lastly,  the  larval 
caudal  appendage  has  been  shown  to  exhibit  a  cylindrical  rod- 
like body,  which  has  been  paralleled  with  the  chorda  dorsalis 
of  Vertebrates.  The  body  in  question  (fig.  184,  A)  is  a  kind  of 
cellular  rod,  which  agrees  with  the  notochord  of  Vertebrates  in 
giving  insertion  by  its  sheath  to  muscles,  and  which  is  said  to 
hold  an  analogous  position  to  the  nervous  system.  In  many 
cases,  also,  the  caudal  appendage  exhibits  in  addition  diverging 
rays,  which  have  been  compared  with  the  rays  of  the  tails  of 
young  fishes. 

It  is  impossible  here  to  enter  minutely  into  the  structures  which  compose 
the  larval  Tunicate,  the  relations  of  these  structures  to  one  another  and 
to  the  larva  as  a  whole,  or  their  precise  homological  import.  Such  rni- 
portant  theoretical  conclusions  have,  however,  been  based  upon  the  inter- 
pretation of  these  structures,  that  a  few  words  may  be  directed  to  this 
point. 
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According  to  the  researches  of  Kowalewsky  and  Kupffer,  the  larval 
Tunicate  differs  from  the  Invertehrata  generally,  and  agrees  with  the  Verte- 
brata  in  the  fact  that  the  embryo  is  bicavitary,  the  nervous  system  being 
developed  in  a  dorsal  cavity,  quite  separate  from  the  cavity  in  which  the 
viscera  generally  are  formed.  The  axial  structures  of  the  tail,  as  described 

a 
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Fig.  184.— Development  of  7?<«/Vrt;'rt.  A,  'Lziva.  Boiryllus  violaceus,  greatly  rnag- 
nified  :  a  Processes  for  attachment ;  d  Mass  of  primitive  cells  from  which  the  diges- 
tive organs  are  developed  ;  c  Circlet  of  eight  cellular  outgrowths  ;  d  Eye-spot ;  e 
Entrance  to  the  branchial  sac ;  y"The  external  structureless  "  test ;  "  ^  Large  nucle- 
ated cells  forming  the  sheath  of  the  central  axis  (eight  rows  of  these  cells  are  pre- 
sent). B,  A  portion  of  the  tail,  highly  magnified  ;  /t  Central  axis  (/^  and  g;  as  be- 
fore). C,  Another  larva  of  the  same,  viewed  from  the  side,  and  highly  magnified, 
showing  the  superior  and  inferior  fin-like  prolongations  (//)of  the  "  test,"  with  ray- 
like striae  (the  other  letters  as  before).  D,  Diagrammatic  cross-section  of  the  tail, 
showing  the  position  of  the  fins  (/  />),  and  the  relations  to  one  another  of  the  central 
axis  (k),  the  mtermediate  cellular  sheath  (^),  and  the  external  structureless  test  (/"). 
(After  Reichert.) 

by  the  same  observers,  are  stated  to  commence  as  a  double  row  of  quad- 
rate cells,  surrounded  by  oval  muscle-cells,  and  projecting  slightly  into  the 
body  of  the  larva,  having  the  visceral  canal  below,  and  the  neural  canal 
above.  When  complete,  the  axis  of  the  tail  is  said  to  consist  of  a  carti- 
laginous elastic  axial  rod,  surrounded  by  a  cellular  envelope.  According, 
then,  to  the  views  of  the  observers  just  mentioned,  the  axial  rod  of  the 
tail  of  the  larval  Tunicate  is  the  precise  equivalent  of  the  "chorda  dor- 
salis  "  of  vertebrate  animals,  seeing  that  it  is  dorsal  in  position,  and  that 
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it  is  intermediate  between  the  neural  and  visceral  cavities.  The  perforated 
branchial  sac  being,  further,  regarded  as  a  development  of  the  anterior 
portion  of  the  alimentary  canal,  is  an  additional  support  to  this  view  ;  as 
it  can  be  compared  with  the  dilated  and  perforated  pharynx  of  the  Lance- 
let  {Ainphioxus)  the  lowest  of  the  Fishes. 

The  views  sketched  out  above,  though  accepted  and  endorsed  by  many 
high  authorities,  have  not  been  allowed  to  pass  without  question.  The 
opinions  originally  put  forward  by  Kowalewsky  as  to  the  essential  identity 
of  the  developmental  processes  of  the  Tunicates  and  the  Vertebrates  have 
been  attacked,  and  many  of  the  most  important  of  his  alleged  facts  have 
been  denied  by  such  well-known  authorities  as  Mecznikow,  Donitz,  Giard, 
Von  Baer,  and  Reichert.  Without  entering  into  this  controversy  further, 
it  will  be  sufficient  to  enumerate  the  more  important  points  which  the 
researches  of  the  observers  just  mentioned  would  seem  to  render  more 
or  less  probable  : — 

1.  The  axial  rod  of  the  larval  Ascidian  is  ventral  in  position,  and  can- 
not, therefore,  be  homologically  compared  with  the  "chorda  dorsalis  "  of 
the  Vertebrate  embryo.    (Von  Baer.) 

2.  The  embryo  of  the  Tunicates  is  not  really  bicavitary,  and  the  nervous 
system  is  not  developed  in  a  chamber  separate  from  and  lying  above  the 
visceral  cavity.    (Donitz,  Reichert.) 

3.  The  nerve-ganglion  of  the  Tunicates  is  placed  upon  the  ventral  sur- 
face of  the  larva,  and  does  not,  therefore,  correspond  with  the  cerebro- 
spinal nervous  system  of  the  Vertebrates.    (Von  Baer. ) 

4.  The  tail  of  the  larval  Ascidian  is  a  purely  provisional  organ. 

5.  The  axial  structures  of  the  tail  (fig.  184,  A,  B,  and  D)  consist  of  a 
central  homogeneous,  structureless,  and  elastic  rod,  surrounded  by  a 
sheath  of  large  nucleated  cells,  and  the  former  is  not  primitively  composed 
of  cells.    (Reichert. ) 

6.  The  perforated  branchial  sac  is  not  a  dilated  pharynx,  but  appears  to 
correspond  rather  with  the  branchial  chamber  of  the  LamellibTanchiata, 

From  the  above,  therefore,  the  general  conclusion  may  safely  be  drawn, 
that  we  are  not  at  present  in  a  position  to  give  a  dogmatic  account  as  to 
even  the  most  important  phenomena  in  the  development  of  the  Tunicates. 
We  may  further  conclude  that  the  view  that  the  development  of  the  Tuni- 
cates is  fundamentally  identical  with  that  of  the  Vertebrata  is  as  yet  not  to 
be  regarded  as  scientifically  proved. 

Amongst  the  Salpians  a  species  of  alternation  of  genera- 
tions has  been  observed.  A  solitary  Salpian  produces  long 
chains  of  embryos,  which  remain  organically  connected 
throughout  their  entire  life.  Each  individual  of  these  associ- 
ated specimens  produces  solitary  young,  which  are  often  very 
unlike  their  parents,  and  these  again  give  rise  to  the  aggre- 
gated forms.* 

The  Tunicata  are  often  spoken  of  as  exhibiting  three  main 
types  of  structure,  which  give  origin  to  as  many  sections, 
known  respectively  as  the  solitary,  the  social,  and  the  compound 
forms.  In  the  solitary  "  Tunicaries  (fig.  183,  C),  the  indi- 
viduals, however  produced,  remain  entirely  distinct,  or,  if  not 

*  These  cases  have  been,  however,  otherwise  explained,  and  asserted  to 
be  an  abnormal  mode  of  sexual  reproduction. 
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so  primitively,  they  become  so.  In  the  "social"  Ascidians, 
the  organism  consists  of  a  number  of  zooids,  each  like  a  soli- 
tary Ascidian,  produced  by  gemmation  and  permanently  con- 
nected together  by  a  vascular  canal,  or  "  stolon,"  composed  of 
a  prolongation  of  the  common  tunic,  through  which  the  blood 
circulates.  Finally,  in  the  "compound"  forms  (fig.  183,  B) 
the  zooids  become  aggregated  into  a  common  mass,  their  tests 
being  fused  together,  but  there  being  no  internal  union.  The 
Botiylli,  which  are  familiar  examples  of  the  compound  Tuni- 
cates,  form  semi-transparent  masses,  often  of  brilliant  colours, 
attached  to  various  submarine  objects,  and  consisting  of 
numerous  zooids  arranged  in  star-shaped  groups.  They  are 
,  almost  always  "very  small,  soft,  irritable,  and  contractile, 
changing  their  form  with  the  slightest  movement"  (Stark). 
The  atrial  apertures  of  all  the  zooids  of  each  stellate  system 
open  into  a  common  central  cloaca  (fig.  183,  B). 

Homologies  of  the  Tunicata. — The  general  resemblance  between 
a  solitary  Ascidian  and  a  single  polypide  of  a  Polyzo'dn  is  extremely 
obvious ;  each  consisting  of  a  double-walled  sac,  containing  a  freely  sus- 
pended alimentary  canal,  with  a  distinct  mouth  and  anus,  and  a  nervous 
ganglion  placed  between  the  two.  The  chief  feature  in  the  7'unicata,  as 
to  the  exact  nature  of  which  there  is  much  difference  of  opinion,  is  the 
branchial  or  respiratory  sac.  By  Professor  Allman  this  is  believed  to  be 
truly  homologous  with  the  tentacular  crown  of  the  Polyzoa,  and  the  oral 
tentacles  of  the  Tunicaries  are  believed  to  be  something  superadded,  and 
not  represented  at  all  in  the  Polyzoa.  By  Professor  Huxley,  on  the  other 
hand,  and  by  many  other  authorities,  the  branchial  sac  is  looked  upon  as 
an  enormously  developed  phai'ynx,  and  the  oral  tentacles  are  regarded  as 
a  rudimentary  representative  of  the  tentacular  crown  of  the  Polyzoa.  Pro- 
bably the  most  correct  view  of  the  homologies  of  the  Tunicata  is  taken  by 
Rolleston,  who  regards  the  "branchial  sac  "  as  the  homologue  of  the  gills 
of  the  ordinary  Bivalve  Molluscs  {LamelUbranchiatd),  whilst  the  oral  and 
atrial  apertures  are  looked  upon  as  corresponding  to  the  respiratory  aper- 
tures of  these  same  animals. 

Upon  the  whole  the  systematic  position  of  the  Tunicata  must  be  looked 
upon  as  still  unsettled  ;  though  they  are  generally  referred  either  to  the  Mol- 
lusca  or  to  the  "  Wonms. "  A  few  naturalists  regard  them  either  as  a  special 
group  intermediate  between  "  Vermes  "  and  Vertebrata,  or  as  actually  be- 
longing to  the  latter  sub-kingdom. 

I  Distribution  of  the  Tunicata  in  Space  and  Time.— 
The  Tunicaries  are  exclusively  marine  in  their  distribution, 
and  are  principally  littoral  and  shallow-water  forms,  though 
some  are  found  at  considerable  depths,  and  many  are  pelagic 
in  habit.  The  singular  Salpidce  have  the  branchial  and  atrial 
apertures  placed  at  opposite  ends  of  the  body,  and  are  found 
swimming  in  the  open  sea,  often  in  immense  shoals.  The 
Appendiailarice,  with  their  permanent  larval  tails,  are  likewise 

I  oceanic,  as  is  the  cask-shaped  Dolioium.    Lastly,  in  Pyrosoma, 
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we  have  a  singular  compound  oceanic  Tunicate,  in  which  the 
numerous  zooids  form  a  tubular  colony,  which  is  propelled 
through  the  water  by  the  united  excurrent  respiratory  jets 
of  Its  component  members.  Like  the  Salpians,  it  is  brilliantly 
phosphorescent. 

On  the  other  hand,  the  more  typical  Tunicates  are  found 
attached  to  all  kinds  of  submarine  objects,  or  (as  in  Pelo7iaia) 
imbedded  in  mud. 

No  Tunicates  are  known  with  certainty  to  have  been  pre- 
served in  the  fossil  condition,  but  the  singular  Silurian  genus 
Pasceolus  has  been  doubtfully  referred  to  this  class. 


CHAPTER  XLIV. 

BRACHIOPODA. 

Class  III. — Brachiopoda  {PaUiobranchiata). — The  members 
of  this  class  are  defined  by  the  possession  of  a  body  protected 
by  a  bivalve  shell,  ivhich  is  lined  by  an  expansion  of  the  integ- 
timent,  or  "  mantle."  The  mouth  is  furnished  with  two  long 
cii-riferous  arms.  The  nenmis  system  cO?isists  of  a  single 
ganglio7i,  placed  in  the  re-entering  angle  between  the  gullet  and 
the  rectum,  so  that  the  intestine  has  a  "  neural  flexure." 

The  Brachiopoda  are  essentially  very  similar  in  structure  to 
the  Polyzoa,  from  which  they  are  distinguished  by  the  fact  that 
they  are  never  composite,  and  by  the  possession  of  a  bivalve, 
calcareous,  or  sub-calcareous  shell.  They  are  commonly  known 
as  "  Lamp-shells,"  and  are  all  inhabitants  of  the  sea.  All  the 
living  forms,  except  Lingula  pyramidata,  are  fixed  to  some 
solid  object  in  their  adult  condition  ;  but  there  is  good  reason 
to  believe  that  many  of  the  fossil  forms  were  unattached  and 
free  in  their  fully-grown  condition.  From  the  presence  of  a 
bivalve  shell,  the  Brachiopods  have  often  been  placed  near  the 
true  bivalve  Mollusca  (the  Lamellibranchiata),  but  their  organi- 
sation is  very  much  inferior,  and  there  are  also  sufiicient  dif- 
ferences in  the  shell  to  justify  their  separation. 

The  two  valves  of  the  shell  of  any  Brachiopod  (figs.  185, 
187)  are  articulated  together  by  an  apparatus  of  teeth  and 
sockets,  or  are  kept  in  apposition  by  muscular  action  alone. 
One  of  the  valves  is  always  slightly,  sometimes  greatly,  large 
than  tlie  other,  so  that  the  sliell  is  said  to  be  "  inequivalve. 
As  regards  the  contained  animal,  the  position  of  the  valves  is 
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anterior  and  posterior,  so  that  they  are  therefore  termed  re- 
spectively the  "  ventral "  and     dorsal "  valves.    In  the  ordi- 


Fie.  x%^.—Rhytichonella  sulcata.  A,  Profile  view.  B,  View  of  the  dorsal  surface. 
C,  View  of  the  base,  a  Ventral  valve  ;  b  Dorsal  valve ;  /Base  ;  c  Beak  ;  h  F oramen. 
Lower  Cretaceous. 


nary  bivalve  Mollusca  (^LameUibranchiatd),  on  the  other  hand, 
the  two  valves  of  the  shell  are  usually  of  the  same  size 
(equivalve),  and  they  are  situated  upon  the  sides  of  the 


Fig.  186. — Morphology  of  Brachiopoda.  A,  Lhignla  f>yrav!idata  (after  Morse)  ;  / 
Peduncle  ;  s  Sand-tube,  encasing  base  of  peduncle.  B,  Lingiila  anatina  (after 
Cuvier) ;  /  The  peduncle.  C,  Wnldheimia  cranimn,  with  adherent  young,  attached 
to  a  stone  (after  Davidson)  ;  /  Peduncle  ;  v  Ventral  valve  ;  d  Dorsal  valve.  D, 
Crania  Ignabergcnsis,  attached  by  its  ventral  valve  to  a  piece  of  coral  (Chalk). 


animal ;  so  that,  instead  of  being  dorsal  and  ventral,  they  are 
now  termed  "  right "  and  "  left "  valves.    The  ventral  valve 
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in  the  shell  of  the  Brachiopoda  is  usually  the  largest,  and 
usually  possesses  a  prominent  curved  beak.  The  beak  (figs, 
185,  187)  is  often  perforated  by  a  "foramen,"  or  terminal 
aperture,  through  which  there  is  transmitted  a  muscular 
peduncle,  whereby  the  shell  is  attached  to  some  foreign 
object.  In  some  cases,  however  (as  in  Lingula,  fig.  186),  the 
peduncle  simply  passes  between  the  apices  of  the  valves,  and 
there  is  no  foramen;  whilst  in  others  (as  in  Crania^  fig.  186, 
D)  the  shell  is  merely  atttached  by  the  substance  of  the 
ventral  valve.  The  dorsal  or  smaller  valve  is  always  free, 
and  is  never  perforated  by  a  foramen. 

In  intimate  structure,  tlae  shell  of  most  of  the  Brachiopoda  consists  "of 
flattened  prisms,  of  considerable  length,  arranged  parallel  to  one  another 
with  great  regularity,  and  at  a  very  acute  angle — usually  only  about  lo° 
or  12° — with  the  surfaces  of  the  shell  "  (Carpenter).  In  most  cases,  also, 
the  shell  is  perforated  by  a  series  of  minute  canals,  which  pass  from  one 
surface  of  the  shell  to  the  other,  in  a  more  or  less  vertical  direction, 
usually  widening  as  they  approach  the  external  surface.  These  canals 
give  the  shells  a  "punctated"  structure,  and  in  the  living  animal  they 
contain  ceecal  tubuli,  or  prolongations,  from  the  mantle,  which  are  con- 
sidered by  Huxley  as  analogous  to  the  vascular  processes  by  which  in 
many  Ascidians  the  muscular  tunic,  or  "mantle,"  is  attached  to  the  outer 
tunic,  or  "test."  In  some  of  the  Brachiopoda  (as  in  the  Rkyjtchonellidtv) 
the  shell  is  "  impunctate,"  or  is  devoid  of  this  singular  canal  system. 

Though  characteristically  calcareous,  the  shell  of  the  Brachiopoda  may 
sometimes  be  largely  composed  of  horny  matter  (as  in  Discina)  ;  or  the 
carbonate  of  lime  in  the  horny  shell  may  be  almost  wholly  replaced  by 
phosphate  (as  in  Lingula). 

The  inner  surface  of  the  valves  of  the  shell  is  lined  by  ex- 
pansions of  the  integument  which  secrete  the  shell,  and  are 
called  the  "  lobes  "  of  the  "  pallium,"  or  "  mantle."  The  diges- 
tive organs  and  muscles  occupy  a  small  space  near  the  beak 
of  the  shell,  which  is  partitioned  off  by  a  membranous  septum, 
which  is  perforated  by  the  aperture  of  the  mouth.  The  re- 
mainder of  the  cavity  of  the  shell  is  almost  filled  by  two  long 
oral  processes,  which  are  termed  the  "  arms,"  and  from  which 
the  name  of  the  class  has  been  derived  (fig.  187,  D).  These 
organs  are  lateral  tubular  prolongations  of  the  margins  of  the 
mouth,  usually  of  great  length,  closely  coiled  up,  and  fringed  on 
one  side  with  ciliated  lateral  processes,  or  "  cirri."  In  many 
Brachiopods  the  arms  are  supported  upon  a  more  or  less  com- 
plicated internal  calcareous  framework  or  skeleton,  which  is 
sometimes  called  the  carriage-spring  apparatus,"  and  which 
in  many  extinct  forms  is  coiled  into  a  shelly  spiral. 

The  mouth  conducts  by  an  oesophagus  into  a  distinct 
stomach,  surrounded  by  a  well-developed  granular  liver.  The 
intestine  has  a  •*  neural  flexure,"  and  "  either  ends  blindly  in 
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the  middle  line,  or  else  terminates  in  a  distinct  anus  between 
the  pallial  lobes"  (Huxley). 

Within  the  pallial  lobes  there  is  a  remarkable  system  of 


Fig.  187. — Terehratula(JValdkeimid)Jlavescetis.  A,  The  shell  viewed  from  behind, 
showing  the  dorsal  valve,  and  the  perforated  summit  of  the  ventral  valve  above  it.  B, 
Inner  view  of  the  dorsal  valve,  showing  the  shelly  loop  (/)  which  supports  the  spiral 
arms.  C,  Inner  view  of  the  ventral  valve,  showing  the  foramen  or  aperture  (f)  in 
the  beak,  through  which  the  muscular  stalk  of  attachment  passes.  D,  Longitudinal 
and  vertical  section  of  the  animal,  showing  the  spiral  arms  (a),  the  stomach  (j),  and 
the  liver  {Ji).  At  yis  the  opening  in  the  beak,  with  the  stalk  of  attachment  (/)  pass- 
ing through  it.  (After  Davidson  and  Owen.)  Some  details  have  been  omitted  in 
figs.  B,  C,  and  D,  for  the  sake  of  clearness. 

more  or  less  branched  excretory  tubes,  anastomosing  with  one 
another,  and  ending  in  csecal  extremities.  This,  which  has 
been  termed  by  Huxley  the  "atrial  system,"  communicates 
with  the  perivisceral  cavity  by  means  of  two  or  four  organs 
which  are  called  "  pseudo-hearts,"  and  which  were  at  one  time 
supposed  to  be  true  hearts,  but  which  are  now  known  to  be 
connected  with  reproduction. 

"  Each  pseudo-heart  is  divided  into  a  narrow,  elongated,  external  por- 
tion (the  so-called  '  ventricle '),  which  communicates,  as  Dr  Hancock  has 
proved,  by  a  small  apical  aperture,  with  the  pallial  cavity ;  and  a  broad, 
funnel-shaped,  inner  division  (the  so-callod  '  auricle ')  communicating,  on 
the  one  hand,  by  a  constricted  neck,  with  the  so-called  '  ventricle  ; '  and, 
on  the  other,  by  a  wide  patent  mouth,  with  a  chamber  which  occupies  most 
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of  the  cavity  of  the  body  proper,  and  sends  more  or  less  branched  diver- 
ticula into  the  pallial  lobes  "  (Huxley).  This  system  of  the  atrial  canals 
has  been  looked  upon  as  a  rudimentary  respiratory  apparatus  ;  but  its 
function  is  more  probably  to  act  as  an  excretory  organ,  and  it  certainly 
serves  also  to  convey  away  the  reproductive  elements,  the  organs  for  which 
are  developed  in  various  parts  of  its  walls.  By  Rolleston  the  pseudo-hearts 
are  looked  upon  as  corresponding  with  the  so-called  "organ  of  Bojanus" 
of  the  Lamellibranchiata. 

The  function  of  respiration  is  probably  performed,  mainly, 
if  not  entirely,  by  the  cirriferous  oral  arms,  as  it  appears  chiefly 
to  be  by  the  homologous  tentacular  crown  of  the  Polyzoa.  A 


Fig.  i88. — Development  of  Terebratnlina  septeiitrioiialis  (after  Morse).  A,  Ciliated 
embryo.  B,  More  advanced  embryo,  showing  commencing  segmentation  and  a  rudi- 
mentary peduncle  (/).  C,  D,  E,  F,  Further  stages  of  the  same  embryo.  G,  Advanced 
embryo,  with  a  very  long  peduncle  (/),  and  a  circular  oral  crown  of  cirri  (c).  H, 
Interior  of  dorsal  valve,  showing  the  circular  crown  of  cirri,  and  the  intestine  (/).  I, 
Another  larva,  at  the  same  stage,  having  the  valves  opened,  and  viewed  from  one 
side.  J,  Part  of  a  larva  still  further  advanced,  showing  the  now  horse-shoe-shaped 
crown  of  cirri ;  p  Peduncle  ;  v  Ventral  valve  of  shell ;  d  Dorsal  valve  ;  c  Crown  of 
oral  ciiri ;  i  Intestine;  ^  Setae  springing  from  the  edge  of  the  mantle;  /  Loop  of 
dorsal  valve.    (All  the  figures  are  highly  magnified.) 

unilocular  heart  is  present  in  some,  but  apparently  not  in  all, 
of  the  Brachiopoda ;  and  the  circulation  seems  to  be  mainly 
carried  on  through  the  interstices  between  the  tissues. 

The  nervous  system  consists  of  a  principal  ganglion  of  no 
great  size,  placed  in  the  re-entering  angle  between  the  gullet 
and  the  rectum.  In  those  Brachiopods  in  which  the  valves  of 
the  shell  are  united  by  a  hinge,  the  nervous  system  attains  a 
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greater  development,  and  consists  of  a  gangliated  oesophageal 
collar. 

The  sexes  in  the  Brachiopoda  appear  to  be  ordinarily  distinct,  but  in 
some  forms  they  are  asserted  to  be  united  in  the  same  individual.  As 
regards  the  process  of  development  in  the  class,  we  may  take  as  a  type 
Terebratulina  septentrionalis,  the  metamorphoses  of  which  have  been  most 
ably  worked  out  by  Professor  Morse.  In  this  form,  the  earliest  embryo  is 
a  ciliated  planula  (fig.  i88,  A),  which  swims  about  actively,  and  soon  (B) 
exhibits  a  division  into  three  regions  or  segments,  which  rapidly  become 
more  conspicuous  (C).  Of  these  segments,  the  most  inferior  (/)  becomes  the 
future  peduncle,  and  serves  to  attach  the  embryo  to  some  foreign  body  (D). 
The  middle  segment  then  enlarges,  and  partially  encloses  the  anterior  seg- 
ment (E  and  F),  the  latter  ultimately  being  withdrawn  entirely  within  the 
former,  which  becomes  converted  into  the  shell-secreting  pallial  lobes.  Next 
the  arms  begin  to  bud  out  of  the  sides  of  the  mouth  (G),  forming  at  first 
a  circular  crown  of  cirri  [c),  which  forcibly  calls  to  mind  the  orbicular 
lophophore  of  the  Gymnolsematous  Polyzoa.  The  peduncle,  at  first  long 
(as  in  Lingula),  becomes  rapidly  shorter  (I),  and  the  oral  crown  of  tentacles 
becomes  distinctly  horse-shoe-shaped  (J),  thus  strikingly  resembling  the 
similarly-shaped  lophophore  of  the  "  Hippocrepian  "  Folyzoa.  The  cir- 
rated  "arms"  of  the  adult  are  finally  produced  by  the  growth  and  devel- 
opment of  the  free  end  of  the  horse-shoe. 

Affinities  of  the  Brachiopoda. — Great  differences  of  opinion  exist 
at  the  present  day  as  to  the  affinities  and  precise  systematic  position  of  the 
Brachiopoda ;  but  it  is  impossible  to  do  more  here  than  merely  point  out 
these  differences.  The  relationship  of  the  Brachiopods  to  the  Polyzoa  is 
admitted  on  all  hands  to  be  very  close ;  and  we  may  regard  the  encrusting 
members  of  the  latter  class  as  being  "communities  of  Brachiopods,  the 
valves  of  which  are  continuous  and  soldered  together,  the  flat  valve  form- 
ing the  united  floor,  whilst  the  convex  valve  does  not  cover  the  ventral 
valve,  but  leaves  an  opening  more  or  less  ornamented  for  the  extension 
of  the  lophophore  "  (A.  Agassiz).  Until  recently,  most  naturalists  have 
held  that  both  these  groups  had  strongly-marked  relationships  with  the 
Lamellibranchiata,  and  many  still  adhere  to  this  view.  On  the  other  hand, 
the  view  has  been  gaining  ground,  that  these  groups  are  to  be  regarded  as 
comprising  modified  worms,  and  they  are  often  placed  in  the  immediate 
neighbourhood  of  the  Annelida.  The  chief  grounds  for  this  view  are  to  be 
found  in  the  similarity  of  the  development  of  the  Polyzoans  and  Brachio- 
pods to  that  of  the  Annelides,  as  shewn  by  the  elaborate  researches  of 
Morse  and  Kowalewsky.  Apart  from  embryological  likeness,  one  of  the 
most  striking  links  between  the  Brachiopods  and  the  Annelides  is  the 
aberrant  Lingula  pyramidata — the  genus  Lingula  being  itself  an  aberrant 
type.  This  curious  form  (fig.  i86,  A),  as  described  by  Morse,  diff"ers 
from  its  congeners  in  not  being  fixed,  but  in  living  free  in  the  sand.  Its 
peduncle  is  long  and  wormlike,  hollow,  and  highly  contractile,  and  its 
lower  end  is  encased  in  a  sand-tube,  resembling  that  of  a  Tubicolous  An- 
nelide.  "Whilst  it  must  be  freely  admitted  that  the  affinities  between  the 
Brachiopoda  and  the  Annelides  are  much  closer  than  any  outward  resem- 
blance between  the  two  would  lead  us  to  expect,  a  sufficient  case  for  the 
removal  of  the  former  from  the  Mollusca  has  hardly  been  made  out,  except  in 
the  view  of  those  who  place  a  supreme  value  upon  embryological  characters 
in  classification. 

Divisions  of  the  Brachiopoda. — The  Brachiopoda  may  be  divided 
into  the  two  orders  of  the  Inarticulata  (or  Tretenterata)  and  the  Articulata 
(or  Clistenlerata). 
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In  the  first  of  these  orders  {Inariiculaia),  the  valves  of  the  shell  are  not  ' 
united  along  the  hinge-line,  the  mantle-lobes  are  completely  free,  and  the 
intestine  terminates  in  a  distinct  anus.  In  this  division  are  included  the 
three  families  of  the  Craniadce,  Discinidcc,  and  LingiilidcE — all  very  ancient, 
and  all  represented  at  the  present  day  by  living  forms — together  with  the 
Silurian  family  of  the  Triitierellida:. 

In  the  second  order  {Articulatd),  the  valves  of  the  shell  are  united  by 
teeth  along  the  hinge-line,  the  lobes  of  the  mantle  are  not  completely  free, 
and  the  intestine  ends  blindly.  In  this  division  are  included  the  living 
families  of  the  Terebratulida,  RhynchonellidcB,  and  the  Thecidiidce,  and  the 
extinct  families  of  the  Spirifei-idce,  PentameridcE,  StropJiomenida,  and  Pro- 
ductidce.  In  the  first  two  of  these  families  the  arms  are  supported  upon  a 
shelly  loop,  of  variable  shape  and  size  (fig.  187,  B)  ;  whilst  in  some  of  the 
extinct  Rhyncho7iellida  and  in  the  SpiriferidcB,  the  arms  were  supported  by 
large  spirally-coiled  calcareous  lamellae  (fig.  189). 


Fig.  189. — Sphifera  hysterica,  from  the  Carboniferous  Limestone.  The  right-hand 
figure  shows  the  mterior  of  the  dorsal  valve,  with  the  calcareous  spires  for  the  sup- 
port of  the  arms. 


Distribution  of  Brachiopoda  in  Space. — All  the  known 
Brachiopods  live  in  the  sea,  and  though  very  local  in  their 
distribution,  they  may  be  said  to  have  a  very  wide  range. 
Though  sometimes  found  between  tide  -  marks,  and  more 
commonly  in  comparatively  shallow  water,  they  are  essentially 
deep-water  forms,  living  most  generally  in  depths  of  from  100 
to  500  fathoms.  A  few  forms  have  been  found  at  depths  of 
from  2000  to  over  2500  fathoms.  About  100  species  of  living 
Brachiopods  are  known. 

Distribution  of  Brachiopoda  in  Time. — The  Brachio- 
poda are  found  from  the  Cambrian  Rocks  up  to  the  present 
day,  and  present  us  with  an  example  of  a  group  which  appears 
to  be  slowly  dying  out.    Nearly  four  thousand  extinct  species  \ 
have  been  described,  and-  the  class  appears  to  have  attained  \ 
its  maximum  in  the  Silurian  epoch,  which  is,  for  this  reason, 
sometimes  called  the  "Age  of  Brachiopods."     Numerous  . 
genera  and  species  are  found  also  in  both  the  Devonian  and  j 
Carboniferous  formations.    In  the  Secondary  Rocks  Brachio- 
poda are  still  abundant,  though  less  so  than  in  the  Paleozoic 
period.    In  the  Tertiary  epoch  a  still  further  diminution  takes 
place,  and  at  the  present  day  we  are  not  acquainted  with  more 
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than  a  hundred  hving  forms.  Of  the  families  of  Brachiopoda, 
the  ProdudidcB,  Strophomenidce,  and  Spiriferidce  are  the  more 
important  extinct  types.  Of  the  genera,  the  most  persistent 
is  the  genus  Lingida,  which  commences  in  the  Cambrian 
Rocks,  and  has  maintained  its  place  up  to  the  present  day, 
though  it  appears  to  be  gradually  dying  out. 

According  to  Woodward  : — "  The  hingeless  genera  attained 
their  maximum  in  the  Palaeozoic  age,  and  only  three  now  sur- 
vive {Lingula,  Discina,  Crania) — the  representatives  of  as  many, 
distinct  families.  Of  the  genera  with  articulated  valves,  those 
provided  with  spiral  arms  appeared  first,  and  attained  their 
maximum  while  the  Terebratidida  were  still  few  in  number. 
The  subdivision  with  calcareous  spires  disappeared  with  the 
Liassic  period,  whereas  the  genus  Rhynchonella  still  exists. 
Lastly,  the  typical  group,  Terebratulida,  attained  its  maximum 
in  the  Chalk  period,  and  is  scarcely  yet  on  the  decline." 

Of  the  families  of  the  Brachiopoda,  the  Prodiictidce  and 
StrophomenidcB  are  exclusively  Palaeozoic.  The  Spiriferidce. 
are  mainly  Palaeozoic,  but  extend  into  the  Lias,  where  they 
finally  disappear.  The  Lingulidce  commence  in  the  Cambrian 
period,  and  have  survived  to  the  present  day.  The  RhyncJio- 
nellidcB,  CraniadcE,  and  Discinidce  commence  in  the  Silurian 
period,  and  are  represented  by  living  forms  in  existing  seas. 
The  Thecidiidce  extend  from  the  Trias  to  the  present  day ;  and 
the  Terebratulidce  appear  to  commence  in  the  Upper  Silurian, 
and  are  well  represented  by  living  forms. 
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CHAPTER  XLV. 
LA  MELLIBRANCHIA  TA. 

Division  II.  Mollusca  Proper. — This  division  includes  those 
members  of  the  sub-kingdom  Mollusca  in  which  the  nervous 
system  consists  of  tlwee  principal  pairs  of  ganglia  ;  and  there  is 
always  a  ivell-developed  heart,  which  is  never  composed  of  fewer 
than  two  chai7ibers. 

The  Mollusca  proper  may  be  roughly  divided  into  two  great 
sections,  respectively  termed  the  Acephala  and  the  Encephala 
(or  Cephalophora),  characterised  by  the  absence  or  presence  of 
a  distinctly  differentiated  head.  The  headless,  or  Acephalous, 
Molluscs  correspond  to  the  class  Lamellibranchiata  ;  also  dis- 
tinguished, at  first  sight,  by  the  possession  of  a  bivalve  shell. 
The  Encephalous  Molluscs  are  more  highly  organised,  and  are 
divided  into  three  classes — viz.,  the  Gasteivpoda,  the  Pteropoda, 
and  the  Cephalopoda.  The  shell  in  these  three  classes  is  of 
very  various  nature,  but  they  all  possess  a  singular  and  com- 
plicated series  of  lingual  teeth ;  hence  they  are  grouped  to- 
gether by  Professor  Huxley  under  the  name  of  Odontophora. 

Class  I.  Lamellibranchiata,  or  Conchifera  {Pelecypoda). 
— The  members  of  this  class  are  characterised  by  the  absence  of 
a  distinctly  differ e7itiated  head,  and  by  having  the  body  more  or 
less  completely  protected  in  a  bivalve  shell.  There  are  one  or  two 
lamellar  gills  on  each  side  of  the  body,  the  intestine  has  a  neural  ■ 
flexure,  and  there  is  no  odontophore. 

The  Lamellibranchiata  are  commonly  known  as  the  "  bivalve  " 
shell-fish,  such  as  Mussels,  Cockles,  Oysters,  Scallops,  &c., 
and  they  are  all  either  marine  or  inhabitants  of  fresh  water. 

Though  they  agree  with  the  Brachiopoda  in  possessing  a 
shell  which  is  composed  of  two  pieces  or  valves  (small  acces- 
sory plates  are  present  in  Pholas,  &c.),  there  are,  nevertheless, 
many  points  in  which  the  shell  of  a  Lamellibranch  is  distin- 
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guished  from  that  of  a  Brachiopod,  irrespective  of  the  great 
difterence  in  the  structure  of  the  animal  in  each.  The  shell 
in  the  Brachiopoda,  as  we  have  seen,  is  rarely  or  never  quite 
equivalve,  and  always  has  its  two  sides  equally  developed 
(equilateral) ;  whilst  the  valves  are  placed  antero-posteriorly 
as  regards  the  animal,  one  in  front  and  one  behind,  so  that 
they  are  "dorsal"  and  "ventral."  In  the  La?ne//ibra?u/iiata, 
on  the  other  hand,  the  two  valves  are  usually  of  nearly  equal 
size  (equivalve),  and  are  more  developed  on  one  side  than  on 
the  other  (inequilateral) ;  whilst  their  position  as  regards  the 
animal  is  always  lateral,  so  that  they  are  properly  termed 
"  right  "  and  "  left  "  valves,  instead  of  "  ventral "  and  "  dorsal." 

It  is  to  be  remembered,  however,  that  many  of  the  Bivalves, 
such  as  the  Oysters,  habitually  lie  on  one  side,  in  which  case 


B 
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Fig.  190.— Left  valve  of  Cytherea  chione.    (After  Woodward.)   A,  Anterior  margin, 
n    i'^"!"""  '"^.''S'"-       Ventral  margin  or  base  ;  u  Umbo  ;  h  Ligament ;  /  Lunule  ; 
So^rlr  Lateral  teeth;  a  Anterior  adductor;  a'  Posterior  adductor; 

/  Fallial  Ime ;  s  Pallial  sinus,  caused  by  the  retractor  muscles  of  the  siphons. 


the  valves,  though  really  right  and  left,  are  called  "upper"  and 
"  lower."  ^  It  is  to  be  borne  in  mind  also,  that  the  two  valves, 
especially  in  the  attached  Bivalves,  may  be  very  unsymmetrical, 
one  valve  being  much  larger  or  deeper  than  the  other.  Lastly, 
there  are  some  cases  {e.g.,  Pectunculus)  in  which  the  shell  be- 
comes very  nearly  equilateral,  the  line  drawn  from  the  beaks 
to  the  base  dividing  the  shell  into  two  almost  equal  halves. 

The  following  are  the  chief  points  to  be  noticed  in  connection 
with  the  shell  of  any  Lamellibranch  (fig.  190) :  Each  valve  of 
the  shell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex 
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of  which  is  turned  more  or  less  to  one  side ;  so  that  more  of 
the  shell  is  situated  on  one  side  of  the  apex  than  on  the  other. 
The  apex  of  the  valve  is  called  the  "umbo,"  or  "beak,"  and 
is  almost  always  turned  towards  the  mouth  of  the  animal. 
Consequently,  the  side  of  the  shell  towards  which  the  umbones 
are  turned  is  the  "anterior"  side,  and  it  is  usually  the  shortest 
half  of  the  shell.  In  some  Bivalves,  however,  the  beaks  are 
"  reversed,"  and  are  turned  towards  the  posterior  side  of  the 
shell.  The  longer  half  of  the  shell,  from  which  the  umbones 
turn  away,  is  called  the  "posterior"  side,  but  in  some  cases 
this  is  equal  to,  or  even  shorter  than,  the  anterior  side.  The 
side  of  the  shell  where  the  beaks  are  situated,  and  where  the 
valves  are  united  to  one  another,  is  called  the  "  dorsal "  side ; 
and  the  opposite  margin,  along  which  the  shell  opens,  is  called 
the  "ventral"  side,  or  "base."  The  lejigth  of  the  shell  is 
measured  from  its  anterior  to  its  posterior  margin,  and  its 
breadth  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another, 
for  a  shorter  or  longer  distance,  along  a  line  Avhich  is  called 
the  "hinge-line."  The  union  is  effected  in  most  shells  by 
means  of  a  series  of  parts  which  interlock  with  one  another 
(the  "  teeth  "),  but  these  are  sometimes  absent,  when  the  shell 
is  said  to  be  "edentulous."  Posterior  to  the  umbones,  in 
most  Bivalves,  is  another  structure  passing  between  the  valves, 
which  is  called  the  "  ligament,"  and  which  is  usually  composed 
of  two  parts,  either  distinct  or  combined  with  one  another. 
These  two  parts  are  known  as  the  "  external  ligament "  (or  the 
ligament  proper)  and  the  "  cartilage,"  and  they  constitute  the 
agency  whereby  the  shell  is  opened,  but  one  or  other  of  them 
may  be  absent.  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  horny  fibres,  passing  from  one  valve  to 
the  other  just  behind  the  beaks,  in  such  a  manner  that  it  is  put 
upon  the  stretch  when  the  shell  is  closed.  The  cartilage,  or 
internal  ligament,  is  lodged  between  the  hinge-lines  of  the  two 
valves,  generally  in  one  or  more  "  pits,"  or  in  special  processes 
of  the  shell.  It  consists  of  elastic  fibres  placed  perpendicu- 
larly between  the  surfaces  by  which  it  is  contained,  so  that  they 
are  necessarily  shortened  and  compressed  Avhen  the  valves  are 
shut.  To  open  the  shell,  therefore,  it  is  simply  necessary  for 
the  animal  to  relax  the  muscles  Avhich  are  provided  for  the 
closure  of  the  valves,  whereupon  the  elastic  force  of  the  hga- 
ment  and  cartilage  is  sufficient  of  itself  to  open  the  shell.  _ 

Generally  the  hinge-line  is  curved,  but  it  is  sometunes  straight. 
The  beaks  are  mostly  more  or  less  contiguous,  but  they  may 
be  removed  from  one  another  to  a  greater  or  less  distance,  and 
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in  some  anomalous  forms  they  are  not  near  one  another  at  all. 
In  the  ArcadcB  the  two  beaks  are  separated  from  one  another 
by  an  oval  or  lozenge-shaped 
Hat  space  or  area.  When 
teeth  are  present,  they  differ 
much  in  their  form  and  ar- 
rangement. In  some  forms 
(fig.  190)  the  teeth  are  divi- 
sible into  three  sets  —  one 
group  of  one  or  more  teeth, 
placed  immediately  beneath 
the  umbo,  and  known  as  the 
"  cardinal  teeth ; "  and  two 
groups  on  either  side  of  the 
preceding,  termed  the  "  lat- 
eral teeth."  Sometimes  there 
may  be  lateral  teeth  only; 
sometimes  the  cardinal  teeth 
alone  are  present;  and  in 
some  cases  {Arcada)  there  is 
a  row  of  similar  and  equal 
teeth. 

The  body  in  the  Lamelli- 
braiichiata  is  always  enclosed 
in  an  expansion  of  the  dorsal 
integument,  which  constitutes 
the  "  mantle,"  or  "  pallium," 
Avhereby  the  shell  is  secreted. 
The  lobes  of  the  mantle  are 
right  and  left,  and  not  ante- 
rior and  posterior  as  are  the 
mantle-lobes  of  the  Bj-achio- 
poda.  Towards  its  circumfer- 
ence the  mantle  is  more  or 
less  completely  united  to  the 
shell,  leaving  in  its  interior, 
when  the  soft  parts  are  re- 
moved, a  more  or  less  dis- 
tinctly impressed  line,  which 
is  called  the  "  pallial  line,"  or 
"impression"  {fig.  194). 

There  is  no  distinctly  differ- 
entiated head  in  any  of  the  Z«- 
inellibra7ichiata,  and  the  mouth  is  simply  placed  at  the  anterior 
extremity  of  the  body.    It  is  furnished  with  ciliated  and  tactile 


Fig.  191. — Anatomy  of  a  bivalve  Mollusc 
(Mya  nrcnarid).  The  left  valve  and 
mantle-lobe  and  half  the  siphons  are  re- 
moved. ^  ^  Respiratory  siphons,  the  ar- 
rows indicating  the  direction  of  the  cur- 
rents ;  a  a'  Adductor  muscles  ;  b  Gills  ;  h 
Heart ;  o  Mouth,  surrounded  by  (/)  labial 
palpi ;  /  Foot ;  v  Anus  ;  m  Cut  edge  of  the 
mantle.    ''After  Woodward.) 
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membranous  processes  or  "palpi"  (usually  four  in  number) 
but  there  is  no  dental  apparatus.    Tlie  mouth  opens  into  a 

gullet,  which  conducts  to  a  dis- 
tinct stomach.  On  the  right 
side  of  the  stomach,  and  open- 
ing into  it,  is,  in  many  cases,  a 
blind  sac  containing  a  peculiar 
transparent  glassy  body,  which 
is  known  as  the  "  crystalline  sty- 
let," but  the  functions  of  which 
are  absolutely  unknown.  The 
intestine  has  its  first  flexure 
neural,  generally  perforates  the 
wall  of  the  heart,  and  terminates 
posteriorly  in  a  distinct  anus, 
which  is  always  placed  near  the 
respiratory  aperture.  The  liver 
is  large  and  well  developed,  but 
there  are  no  salivary  glands. 

There  is  always  a  distinct 
heart,  composed  either  of  an 
auricle  and  ventricle,  or  of  two 
auricles  and  a  ventricle.  Tlie 
ventricle  propels  the  blood  in- 
to the  arteries,  by  which  it  is 
distributed  through  the  body. 
From  the  arteries  it  passes  into 
the  veins,  and  is  conducted  to 
the  gills,  where  it  is  aerated, 
and  is  finally  returned  to  the 
auricles. 

The  respiratory  organs  in  all  the  Lamellih-anchiata  consist 
typically  of  two  lamelliform  gills,  placed  on  each  side  of  the 
body  (fig.  191,  b  and  fig.  192,^).    In  some  cases  there  is  only 
one  gill  on  each  side  of  the  body,  the  external  pair  of  branchife 
being  absent.    The  gills  are  in  the  form  of  membranous  plates, 
composed  usually  of  tubular  rods,  which  support  a  network  of 
capillary  vessels,  and  are  covered  with  vibrating  cilia,  whereby  a 
circulation  of  the  water  is  maintained  over  their  surfaces.    In  ^ 
some  bivalves  the  margins  of  the  mantle  are  united  to  one  an-  ' 
other,  so  that  a  closed  branchial  chamber  is  produced  ;  and  in 
the  others  the  arrangements  for  the  admission  of  fresh  and  the 
expulsion  of  effete  water  are  equally  perfect,  though  there  is  no 
such  chamber.   In  those  in  which  the  mantle-lobes  are  united  at 
their  margins,  there  are  two  orifices,  one  of  which  serves  to  admit 


Fig.  192.  —  Diagrammatic  vertical  and 
transverse  section  of  Mya  arenaria. 
b  Back,  or  "dorsal  margin"  of  the 
shell  ;  J  J  The  two  valves  of  the  shell, 
right  and  left :  in  jn  The  two  halves, 
or  "lobes,"  of  the  mantle,  producing 
the  shell;  The  gills,  two  pairs  on 
each  side  ;  h  The  heart ;  i  Intestine ; 
/The  foot. 
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fresh  water,  whilst  the  effete  water  is  expelled  by  the  other. 
The  margins  of  these  "  inhalant  "  and  "  exhalant "  apertures 
are  often  drawn  out  and  extended  into  long  muscular  tubes 
or  "  siphons,"  which  may  be  either  free,  or  may  be  united  to 
one  another  along  one  side  (fig.  igi,  ss),  and  which  can  usually 
be  partially  or  entirely  retracted  within  the  shell  by  means  of 
special  muscles,  called  the  "  retractor  muscles  of  the  siphons." 
These  siphons  are  more  especially  characteristic  of  those  La- 
mellibranchs  which  spend  their  existence  buried  in  the  sand, 
protruding  their  respiratory  tubes  in  order  to  obtain  water,  and 
with  it  such  nutrient  particles  as  the  water  may  contain.  The 
presence  or  absence  of  retractile  siphons  can  be  readily  deter- 
,  mined  merely  by  inspection  of  the  dead  shell.  In  those 
liivalves  in  which  siphons  are  not  present,  or  if  present  are  not 
retractile,  the  "pallial  line  "  in  the  interior  of  the  shell  is  un- 
broken in  its  curvature,  and  presents  no  indentation  (Jntegro- 
pallialid).  In  those,  on  the  other  hand,  in  which  retractile 
siphons  exist,  the  pallial  line  does  not  run  in  an  unbroken 
curve,  but  is  deflected  inwards  posteriorly,  so  as  to  form  an 
indentation  or  bay,  which  is  termed  the  "  pallial  sinus,"  or 
"siphonal  impression,"  and  is  caused  by  the  insertion  of  the 
retractor  muscle  of  the  siphon.  Those  bivalves  in  which  this 
sinus  exists  form  the  section  Siinipallialia  (fig.  193,  2), 

The  nervous  system  of  the  Lamellibranchiata  is  composed 


Fig.  193,— Shells  of  Lamellibranchiata  i.  Cydas  nvuiica,  a  dimyary  shell  with  an 
entire  pall.al  line.  2.  Tapes  pnllastra,  a  dimyary  shell  with  an  indented  pallial 
VTt  3-  /  ep/upfitimr,  a  monomyary  shell  (after  Woodward),  a  Pallial  line  : 
l>  iSIiiscular  impressions  left  by  the  adductors  ;  c  Siphonal  impression. 

of  the  three  normal  ganglia— the  cephalic,  the  pedal,  and  the 
parieto  -  splanchnic  or  branchial.  The  principal  organs  of 
sense  are  the  tactile  labial  palpi,  otocysts,  and  eye-spots.  The 
otocysts  are  not  always  present,  and  the  ocelli,  when  present, 
are  almost  always  placed  round  the  edge  of  the  mantle. 

The  .so-called  ''organ  of  Bojanus"  of  the  bivalves  is  doubt- 
less mainly  concerned  in  excretion,  and  in  all  probability  re- 
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presents  the  kidney.  There  is  one  of  these  organs  on  each 
side  of  the  body,  each  composed  of  two  sacs  separated  from 
those  of  the  opposite  side  by  a  venous  sinus.  Or  it  may  be 
looked  upon  as  a  double  organ  composed  of  two  bilaterally 
symmetrical  halves.  It  is  situated  just  below  the  "pericar- 
dium," and  communicates  with  it,  and  also  with  the  mantle- 
cavity.  Though  undoubtedly  performing  the  functions  of  a 
kidney,  the  organ  of  Bojanus  is  also  connected  in  some  cases 
with  reproduction,  and  it  appears  to  correspond  to  the  "  pseudo- 
hearts  "  of  the  B7'achiopoda. 

The  majority  of  the  bivalves  are  dioecious,  but  in  some  the 
sexes  are  united  in  the  same  individual.  The  young  are 
hatched  before  they  leave  the  parent,  and  are,  when  first 
liberated,  free-swimming,  and  furnished  with  a  single  or  double 
ciliated  lobe,  constituting  what  is  called  the  "  velum."  A  long 
lash-like  filament  or  flagellum  is  also  often  present.  The  velum 
is  wanting  in  some  forms. 

The  muscular  system  of  the  Lamellibranchs  is  well  devel- 
oped. Besides  the  muscular  margin  of  the  mantle,  and  the 
muscles  of  the  siphons  (when  these  exist),  there  are  also  pre- 
sent other  muscles,  of  which  the  most  important  are  the  mus- 
cles which  close  the  shell  and  those  which  form  the  "foot" 
(figs.  191  and  192,/).  The  "foot"  is  present  in  the  majority 
of  bivalves,  though  it  is  not  such  a  striking  feature  as  in  the 
Gasteropoda.  It  is  essentially  a  muscular  organ,  developed 
upon  the  ventral  surface  of  the  body,  its  retractor  muscles  usu- 
ally leaving  distinct  impressions  or  scars  (the  "  pedal  impres- 
sions ")  in  the  interior  of  the  shell.  In  many  the  foot,  which  is 
usually  compressed,  and  often  sickle-shaped,  subserves  loco- 
motion, but  in  the  attached  bivalves  it  is  rudimentary,  and  in 
others  (as  in  the  Scallops)  locomotion  is  effected  by  the  alter- 
nate opening  and  closure  of  the  valves.  In  some — such  as  the 
ordinary  Mussel — the  foot  is  subsidiary  to  a  special  gland,  which 
secretes  the  tuft  of  silky  threads  ("  byssus  ")  whereby  the  shell 
is  attached  to  foreign  objects.  This  gland  secretes  a  viscous 
material,  which  is  moulded  into  threads  by  grooves  on  its  ex- 
ternal surface. 

The  valves  of  the  shell  are  brought  together  by  one  or  two 
muscles,  Avhich  are  called  the  "adductor  muscles  "—those 
bivalves  with  only  one  being  called  Mo?iomyaria,  whilst  those 
which  possess  two  are  termed  Dimyaria.  In  most  there  are 
two  adductor  muscles  (fig.  191,  ^  a')  passing  between  the  mner 
surfaces  of  the  valves,  one  being  placed  anteriorly  in  front  ot 
the  mouth,  the  other  posteriorly  on  the  neural  side  of  the  in- 
testine.   In  the  monomyary  bivalves  the  posterior  adductor 
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s  the  one  which  remains,  and  the  anterior  adductor  is  absent. 
The  adductors  leave  distinct  "  muscular  impressions  "  in  the 
interior  of  the  shell,  so  that  it  is  easy  to  determine  whether 
there  has  been  one  only  in  any  given  specimen,  or  whether 
two  were  present. 

The  habits  of  the  Lainellibranchiata  are  very  various.  Some, 
such  as  the  Oyster  (Ostrea),  and  the  Scallop  {Peden),  habitually 
lie  on  one  side,  the  lower  valve  being  the  deepest,  and  the 
foot  being  wanting,  or  rudimentary.  The  former  is  fixed  by 
the  substance  of  the  valve,  but  the  latter  swims  by  rapidly 
opening  and  closing  the  shell.  Others,  such  as  the  Mussel 
(Mytilus)  and  the  Pinna,  are  attached  to  some  foreign  object 
by  an  apparatus  of  threads,  which  is  called  the  "  byssus,"  and 
is  secreted  by  a  special  gland.  Others  are  fixed  to  some  soHd 
body  by  the  substance  of  one  of  the  valves.  Many,  such  as 
the  Myas,  spend  their  existence  sunk  in  the  sand  of  the  sea- 
shore or  in  the  mud  of  estuaries.  Others,  as  the  Pholades  and 
Lithodo77ii,  bore  holes  in  rock  or  wood,  in  which  they  live. 
Finally,  many  are  permanently  free  and  locomotive. 

The  Lamellibranchiata  may  be  divided  into  two  sections, 
according  as  respiratory  siphons  are  absent  or  present,  as  fol- 
lows : — 

Section  A.  Asiphonida.  —  Animal  without  respiratory 
siphons;  mantle -lobes  free;  the  pallial  line  simple  and  not 
i ndented  {Litegropallialia). 

This  section  comprises  the  families  OstreidcB,  AviculidcB, 
Mytilidce,  Arcadce,  Trigoniadce,  and  Unionidce. 

The  OstreidcE  (including  the  Oysters,  Scallops,  Anomis,  Thorny  Oysters, 
&c.)  are  all  marine,  and  are  monomyary.  The  Aviculidce,  or  Pearl-Oysters, 
are  likewise  marine,  but  are  dimyary.  The  Myiilid(B  (Mussels,  Horse- 
Mussels,  &c.)  are  partially  marine  and  partially  fresh-water  forms,  and 
have  a  very  small  anterior  adductor.  The  Arcadce  (Ark-shells,  &c. )  are 
exclusively  marine,  as  are  the  nearly  allied  Trigoniadce.  Lastly,  the  Union- 
idce (Fresh-water  Mussels)  are  exclusively  confined  to  rivers  and  lakes. 

Section  B.  Siphonida. — Animal  with  respiratory  siphons ; 
mantle-lobes  more  or  less  united. 

Two  subdivisions,  of  little  classificatory  or  anatomical  value, 
are  comprised  in  this  section.  In  the  first  the  siphons  are  short, 
and  the  pallial  line  is  simple  [Integropallialia) ;  as  is  seen  in 
the  families  Chamida,  Hippnriiida,  TridacnidcB,  Cardiadce, 
Lucinidce,  CycladidcB,  and  Cyprijiidce. 

The  second  subdivision  {Sinupallialia)  is  distinguished  by 
the  possession  of  long  respiratory  siphons,  and  a  sinuated pallial 
line,  and  it  comprises  the  families  Veneridce,  Mactrida,  Tcllinidoi, 
Solenidce,  Myacidce,  Anatinidm,  GastrocJianidce,  and  Pholadidce. 

2  B 
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The  ChamidcB  (Thorny  Clams)  are  fixed  to  foreign  bodies  by  the  sub» 
stance  of  either  valve  indifferently,  and  are  all  inhabitants  of  the  sea. 
The  extraordinary  extinct  group  of  the  Hippuritidce^  from  the  fossils  asso- 
ciated with  them,  are  known  to  have  been  also  marine ;  and  they  are  often 
found  in  great  beds  like  Oysters,  attached  to  one  another  and  to  foreign 
objects  by  the  beak  of  the  right  valve.  The  Tridaaiidce  (Giant  Clams) 
have  a  similar  habitat,  and  the  shell  may  attain  a  weight  of  five  hundred 
pounds.  The  Cardiadce  (Cockles)  and  Lucinida  are  also  marine,  as  are 
the  Cyp-inidce ;  but  the  Cycladidce  are  fresh -water  and  brackish  -  water 
forms.  The  Veneridce  (Clams)  are  amongst  the  most  beautiful  of  the  Bi- 
valves, and  are  found  in  all  seas,  attaining  their  maximum  in  warm  regions. 
The  Mactridce  (Trough-shells)  and  Tellinida  are  mostly  marine,  though 
also  found  in  brackish  waters  ;  and  the  Solenida  (Razor-shells),  Myacida, 
and  Anatinidce  are  essentially  marine,  though  some  of  Myacidce  extend 
their  range  for  a  considerable  distance  above  the  mouths  of  rivers.  The 
GastrochiEiiid(e  are  all  natives  of  the  sea,  and  have  a  burrowing  habit,  bor- 
ing holes  for  habitation  in  rocks,  or  living  in  the  mud.  Lastly,  the  Phol- 
adidcB  (Piddocks  and  Ship-worms)  bore  holes  in  stone  or  wood,  in  which 
they  live,  and  are  all  marine  in  habit.  The  Ship-worms  {Teredo)  have 
long  worm-like  bodies,  and  do  an  immense  amount  of  harm  by  honey- 
combing with  their  burrows  the  sides  of  ships,  or  other  wooden  structures 
immersed  in  the  sea. 

Distribution  of  the  Lamellibranchiata  in  Time. — The 
Lamellibraiichs  are  known  to  have  existed  in  the  Upper  Cam- 
brian period,  and  have  steadily  increased  up  to  the  present 
day,  when  the  class  appears  to  have  attained  its  maximum, 
both  as  regards  numbers  and  as  regards  variety  of  type.  The 
recent  bivalves  are  also  superior  in  organisation  to  those  which 
have  preceded  them.  Upon  the  whole,  the  Asiphonate  bi- 
valves are  more  characteristically  Palaeozoic,  whilst  those  in 
which  the  mantle-lobes  are  united,  and  there  are  respiratory 
siphons,  are  chiefly  found  in  the  Secondary  and  Tertiary 
epochs.  One  very  singular  and  aberrant  family — viz.,  the 
Hipptiritidce — is  exclusively  confined  to  the  Secondary  rocks, 
and  is,  indeed,  not  known  to  occur  beyond  the  limits  of  the 
Cretaceous  formation.  The  Veneridce,  which  are  perhaps  the 
most  highly  organised  of  the  families  of  the  Laviellibranchiata, 
appear  for  the  first  time  in  the  Oolitic  rocks,  and,  increasing 
in  the  Tertiary  period,  have  culminated  in  the  recent  period. 


CHAPTER  XLVI. 

GASTEROPODA. 

Division  Encephala,  or  Cephalophora. — The  remaining 
three  classes  of  the  Mollusca  proper  all  possess  a  distinctly 
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differentiated  head,  and  all  are  provided  with  a  pecuHar  masti- 
catory apparatus,  which  is  known  as  the  odontophore."  For 
the  first  of  these  reasons  they  are  often  grouped  together  under 
the  name  Encephala ;  and  for  the  second  reason  they  are 
united  by  Huxley  into  a  single  great  division,  under  the  name 
of  Odontophora.  Whichever  name  be  adopted,  the  three  classes 
in  question  (viz.,  the  Gasteropoda,  Pteropoda,  and  Cephalopoda) 
certainly  show  many  points  of  affinity,  and  form  a  very  natural 
division  of  the  MoUusca.  The  Pteropoda,  as  being  the  lowest 
class,  should  properly  be  treated  of  first,  but  it  will  conduce  to 
a  clearer  understanding  of  their  characters  if  the  Gasteropoda 
are  considered  first. 

Class  II.  Gasteropoda — The  members  of  this  class  are 
never  included  in  a  bivalve  shell ;  loco7notion  effected  by  means  of 
a  broad,  horizontally  flattened,  vmtral  disc — the  "foot;^^  or  by  a 
vertically  flattened,  vejitral,  fifi-like  organ.  Flexure  of  intestine 
hcemal  or  neural 

This  class  includes  all  those  Molluscous  animals  which  have 
a  shell  of  a  single  piece,  and  are  commonly  known  as  "  uni- 
valves," such  as  the  land-snails,  sea-snails,  whelks,  limpets,  &c. 
The  shell,  however,  is  sometimes  composed  of  several  pieces 
(multivalve),  and  in  many  there  is  either  no  shell  at  all,  or 
nothing  that  would  be  generally  recognised  as  such.  In  none 
is  there  a  bivalve  shell.  The  Gasteropods  may  be  regarded  as 
the  most  typical  of  the  Mollusca,  though  not  the  most  highly 
organised.  All  of  them  have  a  body  composed  of  three  prin- 
cipal portions — a  head,  foot,  and  visceral  sac — the  last  of  these 
being  enclosed  in  the  integumentary  expansion  known  as 
the  "mantle."  In  all,  except  the  few  sedentary  forms,  the 
"foot"  is  the  organ  of  locomotion. 

In  most  of  the  Gasteropoda  the  body  is  unsymmetrical,  and  is 
poiied  up  spirally,  "  the  respiratory  organs  of  the  left  side  being 
usually  atrophied "  (Woodward).  The  body  is  enclosed  in  a 
"  mantle,"  which  is  not  divided  into  two  lobes  as  in  the  Lamel- 
libranchiata,  but  is  continuous  round  the  body.  Locomotion 
is  effected  by  means  of  the  "foot,"  which  is  usually  a  broad 
muscular  disc,  developed  upon  the  ventral  surface  of  the  body, 
and  not  exhibiting  any  distinct  division  into  parts.  In  the 
Heteropoda,  however,  and  in  the  Wing-shells  (strombidce),  the 
foot  exhibits  a  division  into  three  portions — an  anterior,  the 
"  propodium ; "  a  middle,  the  "  mesopodium ; "  and  a  posterior 
lobe,  or  "  metapodium."  In  the  Heteropoda,  the  foot  is  flatten- 
ed, and  forms  a  ventral  fin,  by  means  of  which  the  animal 
swims,  back  downwards. 

In  some,  again,  the  upper  and  lateral  surfaces  of  the  foot 
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are  expanded  into  muscular  side-lobes,  which  are  called  epi- 
podia."    In  many  cases  the  metapodium,  or  posterior  portion 


n 

Fig.  194. — A,  Sketch  of  a  Whelk  {Buccimim  -undatuvi)  in  motion  :  /  Foot ;  /;  Head 
carrying  the  feelers  (f)  with  the  eyes  {e)  at  their  bases;  /  Proboscis;  j  Respiratory 
siphon,  or  tube  by  which  water  is  admitted  to  the  gills ;  o  Operculum.  B,  Shell  of 
the  Whelk  ;  a  Spire  \  b  Body-whorl  ;  n  Notch  in  the  front  margin  of  the  mouth  of 
the  shell ;  vi  Outer  lip  of  the  mouth  of  the  shell.  This  figure  is  half  the  natural 
size.  C,  A  small  cluster  of  the  egg-capsules  of  the  Whelk.  (B  and  C  are  after 
Woodward. ) 

of  the  foot,  secretes  a  calcareous,  horny,  or  fibrous  plate, 
which  is  called  the  "operculum"  (fig.  197,  0),  and  which  serves 
to  close  the  orifice  of  the  shell  when  the  animal  is  retracted 
Avithin  it. 

The  head  in  most  of  the  Gasteropoda  is  very  distinctly, 
marked  out,  and  is  provided  with  two  tentacles  and  with  two 
eyes,  which  are  often  placed  ujjon  long  stalks.    Very  ofte~ 
there  is  an  elongated  retractile  proboscis,  with  ear-sacs,  contain,-' 
ing  otoliths,  at  its  base.    The  mouth  is  sometimes  furnished  i 
with  horny  jaws,  and  is  (with  extremely  few  exceptions)  always 
provided  with  a  singular  masticatory  apparatus,  wliich  is  vari- 
ously known  as  the  "lingual   ribbon,"  the  "tongue,"  the» 
"  odontophore,"  or  the  "  radula."    This  consists  of  a  longer  or^ 
shorter  ribbon-shaped  structure,  which  is  attached  behind  to 
the  bottom  of  a  secreting  sac  or  sheath,  situated  on  the  lower 
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wall  of  the  pharynx  posteriorly.  The  lingual  ribbon  extends 
forwards  along  the  inferior  wall  of  the  pharynx,  being  supported 
by  a  species  of  cartilaginous  cushion,  over  which  it  can  be 
made  to  work  backwards  and  forwards  by  appropriate  muscles. 
It  carries  a  great  number  of  hook-shaped  teeth  arranged  in 
transverse  rows,  there  generally  being  a  principal  central  and 
two  or  more  lateral  rows  (fig.  195).  These  teeth,  formerly 
supposed  to  be  siliceous,  are  now  known  to 
be  mainly  chitinous,  and  their  form  and  dis- 
position are  so  various  and  so  constant  in 
different  forms,  that  they  afford  very  valuable 
help  in  classification.  The  mouth  leads  by  a 
gullet  into  a  distinct  stomach  (fig.  196),  which 
is  sometimes  provided  with  cartilaginous  or 
calcareous  plates  for  the  trituration  of  the 
food.  The  intestine  is  long,  and  its  first  flexure 
is  commonly  "  haemal,"  or  towards  that  side  of 
the  body  on  which  the  heart  is  situated ;  though 
in  some  the  flexure  is  "neural."  Distinct 
salivary  glands  are  usually  present,  and  the 
liver  is  well  developed. 

A  distinct  heart  (fig.  196,  h)  is  almost 
always  present,  composed  of  an  auricle  and 
ventricle.  In  many  Gasteropods  it  has  been 
shown  that  the  blood-vessels  form  closed  tubes, 
and  that  the  arteries  and  veins  are  connected  by  an  intermediate 
system  of  capillaries,  instead  of  merely  communicating  through 
the  interstices  and  lacunae  between  the  tissues.  It  seems  also 
certain  that,  in  general  at  any  rate,  there  is  no  direct  connec- 
tion between  the  blood-vessels  and  the  outer  medium,  though, 
in  some  cases,  such  a  communication  seems  undoubtedly  to 
exist.  Respiration  is  very  variously  effected ;  one  great  div- 
ision {BrancMogasteropodd)  being  constructed  to  breathe  air  by 
means  of  water;  whilst  in  another  section  {Pulmogasteropoda) 
the  respiration  is  aerial.  In  the  former  division  respiration 
may  be  effected  in  three  ways.  Firstly,  there  may  be  no 
specialised  respiratory  organ,  the  blood  being  simply  exposed 
to  the  water  in  the  thin  walls  of  the  mantle-cavity  (as  in  some 
of  the  Heteropoda).  Secondly,  the  respiratory  organs  may  be 
in  the  form  of  outward  processes  of  the  integument,  exposed 
in  tufts  on  the  back  and  sides  of  the  animal  (as  in  the  Nudi- 
branchiata).  Thirdly,  the  respiratory  organs  are  in  the  form 
of  pectinated  or  plume-like  branchiae,  contained  in  a  more  or 
less  complete  branchial  chamber  formed  by  an  inflection  of  the 
mantle.     In  many  members  of  this  last  section  the  water 


195. — Fragment 
of  the  lingual  rib- 
bon or  odontophore 
of  the  common 
Whelk  {^Bticwnnii 
iindaUmi),  magni- 
fied. (After  Wood- 
ward.) 
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obtains  access  to  the  gills  by  means  of  a  tubular  prolongation 
or  folding  of  the  mantle,  forming  a  "  siphon,"  the  effete  water 


Fig.  196. — Diagrammatic  section  of  a  Whelk,  n  Mouth,  with  masticatory  apparatus; 
d  Salivary  glands  ;  c  Stomach  ;  d(i  Intestine,  surrounded  by  the  liver,  and  terminat- 
ing in  the  anus  (e) ;  g  Gill ;  h  Heart ;  /  Nervous  ganglion. 


being  expelled  by  another  posterior  siphon  similarly  con- 
structed. In  the  air-breathing  Gasteropods,  the  breathing 
organ  is  in  the  form  of  a  pulmonary  chamber,  formed  by  an 


p;„  inn.—AmpuUaria  canaliculata,  one  of  the  Apple-shells,    o  Operculum; 

s  Respiratory  siphon. 

inflection  of  the  mantle,  and  having  a  distinct  aperture  for  the 
admission  of  air. 
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The  nervous  system  in  the  Gasteropoda  has  its  normal  com- 
position of  three  principal  pairs  ot  ganglia,  the  supra-oesopha- 
geal  or  cerebral,  the  infra-oesophageal  or  pedal,  and  the  parieto- 
splanchnic ;  but  there  is  a  tendency  to  the  aggregation  of  these 
in  the  neighbourhood  of  the  head.  The  organs  of  sense  are 
the  two  eyes,  and  auditory  capsules  placed  at  the  bases  of  the 
tentacles,  the  latter  i3eing  tactile  organs. 

The  sexes  are  mostly  distinct,  but  in  some  they  are  united 
in  the  same  individual.  The  young,  when  first  hatched,  are 
always  provided  with  an  embryonic  shell,  which  in  the  adult 
may  become  concealed  in  a  fold  of  the  mantle,  or  may  be 
entirely  lost.  In  the  branchiate  Gasteropods  the  embryo  (fig. 
198,  B)  is  protected  by  a  small  nautiloid  shell,  within  which  it 
can  entirely  retract  itself ;  and  it  is  enabled  to  swim  freely  by 
means  of  a  ciliated,  often  lobed  extension  of  the  cephalic  in- 
tegument, which  is  termed  the  "  velum,"  and  which  is  at  first 
merely  a  circlet  of  cilia  round  the  head.  The  velum  has  often 
been  compared  with  the  wing-like  cephalic  fins  of  the  Ptero- 
poda,  with  which,  however,  it  is  only  doubtfully  homologous. 
Amongst  the  Pulmonate  Gasteropods,  those  which  are  strictly 
terrestrial,  undergo  no  metamorphosis,  the  velum  being  absent 
altogether,  whereas  those  that  live  in  fresh  water  possess  struc- 
tures which  correspond  with  the  velum  of  the  Branchiate 
forms. 

Shell  of  the  Gasteropoda. — The  shell  of  the  Gasteropods  is 
composed  either  of  a  single  piece  (univalve),  or  of  a  number 
of  plates  succeeding  one  another  from  before  backwards  (mul- 
tivalve).  The  univalve  shell  is  to  be  regarded  as  essentially 
a  cone,  the  apex  of  which  is  more  or  less  oblique.  In  the 
simplest  form  of  the  shell,  the  conical  shape  is  retained  with- 
out any  alteration,  as  is  seen  in  the  common  Limpet  {Patella). 
In  the  great  majority  of  cases,  however,  the  cone  is  consider- 
ably elongated,  so  as  to  form  a  tube,  which  may  retain  this 
shape  (as  in  Dentalium),  but  is  usually  coiled  up  into  a  spiral. 
The  "spiral  univalve"  (figs.  199,  200)  may,  in  fact,  be  looked 
upon  as  the  typical  form  of  the  shell  in  the  Gasteropoda.  In 
some  cases  the  coils  of  the  shell — termed  technically  the 
"  whorls  " — are  hardly  in  contact  with  one  another  (as  in  Ver- 
■metus).  More  commonly  the  whorls  are  in  contact,  and  are 
so  amalgamated  that  the  inner  side  of  each  convolution  is 
formed  by  the  pre-existing  whorl.  In  some  cases  the  whorls  of 
the  shell  are  coiled  round  a  central  axis  in  the  same  plane,  when 
the  shell  is  said  to  be  "  discoidal "  (as  in  the  common  fresh- 
water shell  Planorbis).  In  most  cases,  however,  the  whorls 
are  wound  round  an  axis  in  an  oblique  manner,  a  true  spiral 
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being  formed,  and  the  shell  becoming  "turreted,"  "trochoid," 
"  turbinated,"  &c.    This  last  form  is  the  one  which  may  be 


A  B 

Fig.  198. — A,  Young  of  j^olis,  a  water-treathing  Gasteropod,  showing  the  provisional 
buccal  lobes  or  "velum."  B,  Adult  Pteropod  (Limacina  Antarctica).  (After 
Woodward.) 

looked  upon  as  most  characteristic  of  the  Gasteropods,  the 
shell  being  composed  of  a  number  of  whorls  passing  obHquely 
round  a  central  axis  or  "columella,"  having  the  embryonic  shell 
or  "  nucleus"  at  its  apex, and  having  the  mouth  or  "aperture" 
of  the  shell  placed  at  the  extremity  of  the  last  and  largest  of 
the  whorls,  termed  the  "body-whorl"  (fig.  199).    The  lines  or 


 d 


Fie  iqg  —  Anterior  and  posterior  views  of  Cassis  cancellata,  a  spiral  Gasteropod.  a 
"Spire  "  placed  at  the  posterior  end  of  the  shell ;  b  "  Mouth,"  placed  at  the  anterior 
end  of  the  shell  ;  c  Inner  or  columellar  lip  ;  d  Outer  lip  ;  e  Notch  for  the  passage  ot 
a  respiratory  siphon. 

grooves  foiTned  by  the  junction  of  the  whorls  are  termed  the 
"  sutures,"  and  the  whorls  above  the  body-whorl  constitute  the 
"  spire  "  of  the  shell.  The  axis  of  the  shell  (columella)  round 
which  the  whorls  are  coiled  is  usually  solid,  when  the  shell  is 
said  to  be  "  imperforate  ;  "  but  it  is  sometimes  hollow,  when 
the  shell  is  said  to  be  "  perforated,"  and  the  aperture  of  the 
axis  near  the  mouth  of  the  shell  is  called  the  "  umbilicus. 


MOLLUSCA :  GASTEROPODA. 


393 


The  margin  of  the  "  aperture "  of  the  shell  is  termed  the 
"  peristome,"  or  "  peritreme,"  and  is  composed  of  an  outer  and 
inner  lip,  of  which  the  former  is  often  expanded  or  fringed 
with  spines.  When  these  expansions  or  fringes  are  periodi- 
cally formed,  the  place  of  the  mouth  of  the  shell  at  different 
stages  of  its  growth  is  marked  by  ridges  or  rows  of  spines, 
which  cross  the  whorls,  and  are  called  "varices."  In  most  of 
the  phytophagous  Gasteropods  {Holostomata)  the  aperture  of 
the  shell  (fig.  200)  is  unbrokenly  round  or  "entire,"  but  in  the 
carnivorous  forms  {Siphofiostomata)  it  is  notched,  or  produced 
into  a  canal  (fig.  201).  Often  there  are  two  of  these  canals, 
an  anterior  and  a  posterior,  but  they  do  not  necessarily  indi- 
cate the  nature  of  the  food,  as  their  function  is  to  protect  the 
respiratory  siphons.  The  animal  withdraws  into  its  shell  by 
a  retractor  muscle,  which  passes  into  the  foot,  or  is  attached 
to  the  operculum  ;  its  scar  or  impression  being  placed,  in  the 
spiral  univalves,  upon  the  columella. 

In  the  multivalve  Gasteropods,  the  shell  is  composed  of  eight 
transverse  imbricated  plates,  which  succeed  one  another  from 
before  backwards,  and  are  embedded  in  the  leathery  or  fibrous 
border  of  the  mantle,  which  may  be  plain,  or  may  be  beset 
with  bristles,  spines  or  scales. 


CHAPTER  XLVII. 

DIVISIONS  OF  THE  GASTEROPODA. 

The  Gasteropoda  are  divided  into  two  primary  sections  or  sub- 
classes, according  as  the  respiratory  organs  are  adapted  for 
breathing  air  directly  or  dissolved  in  water  :  termed  respec- 
tively the  Fiihnonata,  Fiihnonifera,  or  Pulmogasteropoda,  and 
the  Branchiata^  Bi'anchifera,  or  Bi-anchiogasteropoda. 

Sub-class  A.  Branchifera  or  Branchiogasteropoda, — 
In  this  sub-class  i-espiration  is  aquatic,  effected  by  the  thin 
walls  of  the  mantle-cavity,  by  external  branchial  tufts,  or  by 
pectinated  or  plume-like  gills,  contained  in  a  more  or  less 
complete  branchial  chamber.    Flexure  of  intestine  hcE77ial. 

This  sub-class  comprises  three  orders  —  viz.,  the  Proso- 
branchiata,  the  Opisthobranchiata,  and  the  Nucleobranchiata  or 
Heteropoda. 

Order  I.  Prosobranchiata. — The  members  of  this  order 
are  defined  as  follows  :  "  Abdomen  well  developed,  and  pro- 
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tected  by  a  shell,  into  which  the  whole  animal  can  usually 
retire.  Mantle  forming  a  vaulted  chamber  over  the  back  of 
the  head,  in  which  are  placed  the  excretory  orifices,  and  in 
which  the  branchias  are  almost  always  lodged.  BranchicR 
pectinated  or  plume-like,  situated  {proson)  in  advance  of 
til e  heart.  distinct "  (Milne-Edwards)    (See  Woodward's 

'  Manual.') 

The  order  Prosoh-anchiata  includes  all  the  most  character- 
istic members  of  the  Branchiate  Gasteropods,  and  is  divisible 
into  two  sections,  termed  respectively  Siphonostoinata  and 
Holostomata,  according  as  the  aperture  of  the  shell  is  notched 
or  produced  into  a  canal,  or  is  simply  rounded  and  "  entire." 

The  Siphonostoinata,  of  which  the  common  Whelk  {Buccinum 
nndatum,  fig.  194)  may  be  taken  as  an  example,  are  all  marine, 
and  are  mostly  carnivorous  in  their  habits.  The  following 
families  are  comprised  in  this  section  : — Sti'oinbidcB  (Wing- 
shells),  MuricidcB,  BiiccinidcB  (Whelks),  Conida  (Cones),  Volu- 
tidce,  and  Cypi'ceidce  (Cowries). 

The  Holostomata,  of  which  the  common  Periwinkle  {Litio- 
rina  littorea)  is  a  good  example,  are  either  spiral  or  limpet- 
shaped,  in  some  few  instances  tubular,  or  multivalve;  the 
aperture  of  the  shell  being  in  most  cases  entire  (fig.  200). 
They  are  mostly  plant-eaters,  and  they  may  be  either  marine 
or  inhabitants  of  fresh  water.  The  following  families  are  in- 
cluded in  this  section  : — Naticidce^  Pyramidellidce,  Cerithiad(B, 
Melaniada,  Ttirritellidce,  LittorinidcB  (Periwinkles),  PaludinidcR 
(River  -  snails),  Neriiida,  TurbinidcB  (Top  -  shells),  Haliotida 
(Ear-shells),  Fissurellidce  (Key -hole  Limpets),  Calyptraid(Z 
(Bonnet  Limpets),  PatellidcB  (Limpets),  Dentalidce  (Tooth- 
shells),  and  ChitonidcB. 

The  DentalidcB  are  often  regarded  as  a  separate  order  of  the  Gasteropods 
(viz.,  Scaphopodd),  or,  by  Huxley,  as  referable  to  the  Ptei-opoda.  They 
constitute  a  lowly-organised  group,  distinguished  by  the  absence  of  distinct 
gills  or  heart,  the  imperfect  development  of  the  head,  and  the  slender 
tubular  shell,  with  an  aperture  at  each  end. 

The  ChitonidcB  and  Patellidce  are  often  united  into  a  separate  order 
{Cyclobj-anckiata),  characterised  by  the  generally  circular  disposition  of  the 
branchiae.  The  former  have  a  multivalve  shell,  and  are  stated  to  have  the 
sexes  united. 

By  many  naturalists,  the  Prosobranchiate  order  is  divided  into  sub- 
orders, in  accordance  with  the  structure  and  form  of  the  "odontophore  " 
or"radula." 

Order  II.  Opisthobranchiata.— This  order  is  defined  as 
follows  :  "  Shell  rudimentary,  or  wanting.  Branchiae  arbores- 
cent or  fasciculated,  not  contained  in  a  special  cavity,  but 
more  or  less  completely  exposed  on  the  back  and  sides,  to- 
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wards  the  rear  ippistJwi)  of  the  body.  Sexes  united  "  (Milne- 
Edwards).    (See  Woodward's  '  Manual.') 

The  Opisthobranchiata,  or  "  Sea-slugs,"  may  be  divided  into 
two  sections,  the  Tedibraiichiata  and  Nudibrancliiata,  accord- 
ing as  the  branchiae  are  protected  or  are  uncovered. 

The  first  section,  that  of  the  Tectibranchiata,  is  distinguished 
by  the  fact  that  the  animal  is  usually  provided  with  a  shell, 
both  in  the  larval  and  adult  state,  and  that  the  branchi^  are 
protected  by  the  shell  or  by  the  mantle.    Under  this  section 


Fig. 200. — ScalariaGrcen-  Fig.  201. — Fiisus  tot~iiaius,  a  Si- 

landica,  a  Holostoma-  phonostomatous     shell.  Post- 

tous  Univalve.  Pliocene. 


are  included  the  families  of  the  Toj-natellidcB,  Bullidce  (Bubble- 
shells),  Aplysiadce  (Sea-hares),  Pleiirobra?ic/ndce,  and  Phylli- 
diadcs. 

In  the  second  section,  that  of  the  Nudlbra?ichiata  (fig.  202), 
the  animal  is  destitute  of  a  shell,  except  in  the  embryo  condi- 
tion, and  the  branchiae  (rarely  absent,  as  in  Limapontia  and 
Rhodope)  are  always  placed  externally  on  the  back  or  sides  of 
the  body.  This  section  comprises  the  families  DoridcB  (Sea- 
lemons),  Tritojiiadce,  ^olidce,  Phyllh'hoidce,  and  Elysiadce. 
Specimens  of  the  Sea-slugs  and  Sea-lemons  may  at  any  time 
be  found  creeping  about  on  sea-weeds,  or  attached  to  the 
under  surface  of  stones  at  low  water.  The  head  is  furnished 
with  tentacles,  which  appear  to  be  rather  connected  with  the 
sense  of  smell  than  to  be  used  as  tactile  organs ;  and  behind 
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Fig.   202.  —  Nudibranchiata.  Doris 
yohmioni,  one  of  the  Sea-lemons. 


the  tentacles  are  generally  two  eyes.  The  nervous  system  is 
extremely  well  developed,  and  would  lead  to  the  belief  that 

the  Nudibranchs  are  amongst  the 
highest  of  the  Gasteropoda.  Loco- 
motion is  effected,  as  in  the  true 
Slugs,  by  creeping  about  on  the 
flattened  foot. 

Order  III.  Nucleobranch- 
lATA  or  Heteropoda.  —  This 
order  is  defined  by  the  following 
characteristics  :  Animal  provided 
with  a  shell,  or  not,  free  -  swiimning  and  pelagic;  locomotioji 
effected  by  a  fin-like  tail,  or  by  a  fan-shaped,  vertically-flattened, 
ventral  fin. 

The  Heteropoda  are  pelagic  in  their  habits,  and  are  found 
swimming  at  the  surface  of  the  sea.  They  are  to  be  regarded 
as  the  most  highly  organised  of  all  the  Gasteropoda,  at  the 
same  time  that  they  are  not  the  most  typical  members  of  the 
class.  Some  of  them  can  retire  completely  within  their  shells, 
closing  them  with  an  operculum ;  but  most  have  large  bodies, 
and  the  shell  is  either  small  (fig.  203)  or  entirely  wanting. 


Fig.  203  —Heteropoda.    Carinaria  cymhiinn.   p  Proboscis  ;  i  Tentacles  ;  h  Branchix ; 
s  Shell ;  /  Foot ;  d Disc.    (After  Woodward.) 

They  swim  by  means  of  a  flattened  ventral  fin,  or  by  an  elon- 
gated tail,  and  adhere  at  pleasure  to  sea -weed  by  a  small 
sucker  situated  on  the  side  of  the  fin..  These  organs  are 
merely  modifications  of  the  foot  of  the  ordinary  Gasteropods ; 
the  fin-like  tail  being  the  "  metapodium "  (as  shown  by  its 
occasionally  carrying  an  operculum),  the  sucker  being  the 
"  mesopodium,"  and  the  ventral  fin  being  a  modified  "  pro- 
podium."  The  "  epipodia  "  are  apparendy  altogether  wanting. 
Respiration  is  sometimes  carried  on  by  distinct  branchue,  but 
in  many  cases  these  are  wanting,  and  the  function  is  performed 
simply  by  the  walls  of  the  pallial  chamber. 
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The  Heteropoda  are  divided  into  the  two  families  Firolida 
and  Atlantidce,  tlie  former  characterised  by  having  a  small 
shell  covering  the  circulatory  and  respiratory  organs,  or  by 
having  no  shell  at  all ;  whilst  in  the  latter  there  is  a  well- 
developed  shell,  into  which  the  animal  can  retire,  and  an  oper- 
culum is  often  present. 

Sub-class  B.  Pulmonifera  or  Pulmogasteropoda. — In 
this  sub-class  of  the  Gasteropoda  respiration  is  aerial,  and  is 
carried  on  by  an  inflection  of  the  mantle,  forming  a  pulmonary 
chamber  into  which  air  is  admitted  by  an  external  aperture. 
The  flexwe  of  the  intestine  is  neural,  and  the  sexes  are  united 
in  the  same  individual. 

The  Pulmo7iifej'a  include  the  ordinary  land-snails,  slugs, 
pond-snails,  &c.,  and  are  usually  provided  with  a  well-developed 
shell,  though  this  may  be  rudimentary  (as  in  the  slugs),  or 
even  wanting.  Though  formed  to  breathe  air  directly,  many 
of  the  members  of  tliis  sub-class  are  capable  of  inhabiting 
fresh  water.  The  common  Pond-snails  are  good  examples  of 
these  last.  The  condition  of  the  shell  varies  greatly.  Some, 
such  as  the  common  Land-snails,  have  a  well-developed  shell, 
within  which  the  animal  can  withdraw  itself  completely. 
Others,  such  as  the  common  Slugs  (fig.  204)  have  a  rudimen- 


Fig.  ■2oi,.—Limax  Soiuerlyi,  one  of  the  Slugs.    (After  Woodward.) 


tary  shell,  which  is  completely  concealed  within  the  mantle. 
Others  are  entirely  destitute  of  a  shell.  They  are  divided'into 
two  sections  as  follows  : — 

Section  I.  Inoperculata. — Anifnal  not  provided  with  an  oper- 
culum to  close  the  shell.  In  this  section  are  included  the 
families  Helicidce  (Land-snails),  Limacidce  (Slugs),  Oncidiadce, 
Limnceida;  (Pond-snails),  and  Auriculidce. 

Section  II.  Operculata. — Shell  closed  by  an  operculum.  In  this 
section  are  included  the  families  CyclostomidcB  and  AciculidcB. 

Distribution  of  the  Gasteropoda  in  Space. — As  a  class 
the  Gasteropoda  have  a  world-wide  range,  some  forms  being 
exclusively  marine,  otliers  inhabiting  fresh  waters,  while  others, 
again,  live  upon  the  land.  Amongst  the  Prosobranchiatcs,  the 
entire  order  of  the  Siphonostomaia,  and  the  majority  of  the 
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Holostomata,  are  marine;  but,  amongst  the  latter,  the  Mela- 
niadcB  and  PaludinidcB  are  confined  to  fresh  waters,  and  the 
CerithiadcB  and  Neritida  inckide  a  number  of  fresh  or  brackish 
water  forms.  The  Opisihohranchiates  are  exclusively  marine, 
mostly  littoral  in  their  habits,  but  occasionally  oceanic.  The 
Heteropoda  are  exclusively  marine  and  pelagic.  Lastly,  amongst 
the  Fulmonates  many  forms  (such  as.  the  Snails  and  Slugs)  are 
strictly  terrestrial,  whilst  others' {Limncea,  Planorbis,  Ancyliis, 
&c.)  are  found  in  fresh  or  brackish  waters. 

Distribution  of  the  Gasteropoda  in  Time. —  The 
Gasteropoda  are  represented  in  past  time  from  the  Lower 
Silurian  rocks  up  to  the  present  day.  Of  the  Branchifera 
the  Holostomata  are  more  abundant  in  the  Palaeozoic  period, 
the  SiphoJiostomata  abounding  more  in  the  Secondary  and 
Tertiary  rocks,  but  not  attaining  their  maximum  till  the  pres- 
ent day.  The  place  of  the  carnivorous  Siphonostomata  in  the 
Palaeozoic  seas  appears  to  have  been  filled  by  the  Tetrabran- 
chiate  Cephalopods.  The  branchiate  Gasteropods  of  fresh 
water  are  chiefly  represented  as  fossils  by  the  genera  Melania, 
Paludina,  Valvata,  and  Ampiillaria. 

The  Heteropoda  are  likewise  of  very  ancient  origin,  having 
commenced  their  existence  in  the  lowest  Silurian  deposits. 
The  genera  Bellerophon,  Porcellia,  Cyrtolites,  and  Maclurea, 
are  almost  exclusively  Palaeozoic ;  Bellerophina  is  found  in  the 
Gault  (Secondary),  and  Carinaria  has  been  detected  in  the 
Tertiaries. 

The  Pulmonate  Gasteropoda,  as  was  to  be  anticipated,  are 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lacustrine 
and  estuarine  deposits,  in  which  the  genera  LimncBa,  P/iysa, 
Ancyhis,  &c.,  are  amongst  those  most  commonly  represented. 
These,  however,  are  entirely  Mesozoic  and  Kainozoic.  In  the 
Palaeozoic  period  the  sole  known  representatives  of  the  Piil- 
monifera  are  the  Pupa  vetusta,  Pupa  vermilionensis,  Dawsonclla 
Meeki,  and  Zonites  prisms  of  the  Carboniferous  rocks. 


CHAPTER  XLVIIL 

PTEROPODA. 

Class  IIL  Pteropoda.— The  Pteropoda  are  defined  by  being 
free  and  pelagic,  swimming  by  means  of  two  wing-like  appendages 
{epipodia),  developed  from  each  side  of  the  anterior  extremity  oj 
the  body.    The  flexure  of  the  intestine  is  neural. 
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As  to  the  position  of  the  Pteropoda  in  the  Molluscan  scale, 
they  must  be  looked  upon  as  inferior  in  organisation  to  any  of 
the  Gasteropoda^  of  which  class  they  are  often  regarded  as  the 
lowest  division.  They  permanently  represent,  from  certain 
aspects,  the  transient  larval  stage  of  the  sea-snails. 

The  Pteropods  are  all  of  small  size,  and  are  found  swimming 
at  the  surface  of  the  open  ocean,  often  in  enormous  numbers. 
Locomotion  is  effected  by  two  wing-like  fins,  developed  from 
the  sides  of  the  head,  and  composed  of  the  greatly-developed 
*'  epipodia."    The  true  "  foot "  is  rudimentary  and  rarely  dis- 


Fig.  206. — Hyalea  iridentata,  show- 
Fig.  205.— Pteropoda.    a  Cleodora  pyramidata ;       ing  the  shell  and  the  lateral  fins 
b  Cuvieria  columnella.    (After  Woodward.)  attached  to  the  sides  of  the  head 

(//)• 


tinct,  but  the  "  metapodium  "  is  sometimes  provided  with  an 
operculum  {Limacinidcs).  There  is  usually  a  symmetrical, 
glassy,  sometimes  chitinous,  shell  (fig.  205),  either  consisting 
of  a  dorsal  and  ventral  plate  united,  or  forming  a  spiral  (fig. 
198,  B),  but  in  some  cases  the  body  is  naked,  the  mantle 
being  absent  or  rudimentary.  The  head  is  rudimentary,  and 
bears  the  mouth,  which  is  occasionally  tentaculate,  and  which 
is  furnished  with  an  odontophore.  There  is  a  muscular 
stomach  and  a  well-developed  liver;  and  the  flexure  of  the 
intestine  is  neural,  so  that  the  anus  is  situated  on  the  lateral 
or  ventral  surface  of  the  body. 

The  heart  consists  of  an  auricle  and  ventricle.  The  re- 
spiratory organ  is  very  rudimentary,  and  consists  of  a  ciliated 
surface,  which  is  either  entirely  unprotected,  or  may  be  con- 
tained in  a  branchial  chamber. 

The  ganglia  of  the  nervous  system  "  are  concentrated  into 
a  mass  below  the  oesophagus  "  (Woodward),  united  by  a  com- 
missure above  the  gullet ;  and  the  eyes  are  rudimentary. 

The  sexes  are  united  in  all  the  Pteropods,  and  the  young 
pass  through  a  metamorphosis,  having  at  first  a  bilobed  ciliated 
veil  attached  to  the  sides  of  the  head. 

The  Fiej'opoda  are  divided  into  two  orders,  termed  Thecoso- 
maia  and  Gymnosoinafa  ;  the  former  characterised  by  possess- 
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ing  an  external  shell  and  an  indistinct  head ;  the  latter  by 
being  devoid  of  a  shell,  and  by  having  a  distinct  head,  with 
fins  attached  to  the  neck. 

The  Pteropoda,  as  already  said,  are  found  swimming  near 
the  surface  in  the  open  ocean,  and  they  are  found  in  all  seas 
from  the  tropics  to  within  the  arctic  circle,  sometimes  in  such 
numbers  as  to  .discolour  the  water  for  many  miles.  They  are 
nocturnal  in  their  habits,  and,  minute  as  they  are,  they  con- 
stitute in  high  latitudes  one  of  the  staple  articles  of  diet  of 
the  whale.  They  themselves  are,  in  turn,  probably  carnivo- 
rous, feeding  upon  small  Crustaceans  and  other  diminutive 
animals.  Though  all  the  living  forms  are  small.  Geology  leads 
us  to  believe  that  there  formerly  existed  comparatively  gigantic 
representatives  of  this  class  of  the  Mollusca. 

Distribution  of  Pteropoda  in  Time. — The  Pteropods 
are  not  largely  represented  in  fossiliferous  deposits,  but'  they 
have  a  wide  range  in  time,  extending  from  the  Upper  Cambrian 
rocks  up  to  the  present  day.  The  Theca  and  Comdaria  of  the 
Palaeozoic  period,  if  truly  Pteropods,  are  of  comparatively 
gigantic  size.  Both  commence  their  existence  in  the  Silurian 
or  Upper  Cambrian,  and  the  former  is  entirely  Palceozoic. 
The  genus  Conularia,  however,  extends  into  the  Mesozoic 
period,  and  is  found  in  the  Liassic  rocks.  The  Silurian  fossils 
which  form  the  genus  Tentacidites,  though  often  referred  to  the 
Tubicolar  Annelides,  appear  to  belong  without  doubt  to  the 
Pteropoda.  The  recent  genera  Hyalea  (fig.  206),  Cleodom,  and 
Cuvieria  are  represented  in  the  Tertiary  period. 


CHAPTER  XLIX. 
CEPHALOPODA. 


Class  IV.  Cephalopoda.— The  members  of  this^  class  are 
defined  by  the  possession  of  eight  or  more  arms"  placed  in 
a  circle  round  the  month;  the  body  is  enclosed  in  a  muscular 
mantle-sac,  and  there  are  two  or  four  plume- like  gills  ^cithin 
the  mantle.  There  is  an  anterior  tubular  orifice  {the  "  mfiiih 
dibulum  "  or  ''fujinel")  through  which  the  effete  wafer  of  respi- 
ration is  expelled.    The  flexure  of  the  intestine  is  neural. 

The  Cephalopoda,  comprising  the  Cuttle-fishes,  Squids, 
Pearly  Nautilus,  &c.,  constitute  the  most  highly  organised  ot 
the  classes  of  the  Molhisca.    They  are  all  marine  and  carnn  o- 
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rous,  and  are  possessed  of  considerable  locomotive  powers. 
At  the  bottom  of  the  sea  they  can  walk  about,  head  down- 
wards, by  means  of  the  arms  which  surround  the  mouth,  and 
which  are  usually  provided  with  numerous  suckers  or  "  aceta- 
bula."  They  are  also  enabled  to  swim,  partly  by  means  of 
lateral  expansions  of  the  integument  or  fins  (not  always  pres- 
ent), and  partly  by  means  of  the  forcible  expulsion  of  water 
through  the  tubular  "funnel,"  the  reaction  of  which  causes 
the  animal  to  move  in  the  opposite  direction. 

The  majority  of  the  living  Cephalopods  are  naked,  possess- 
ing only  an  internal  skeleton,  and  this  often  a  rudimentary  one; 
but  the  Argonaut  (Paper  Nautilus),  and  the  Pearly  Nautilus, 
are  protected  with  an  external  shell,  though  the  nature  of  this 
is  extremely  different  in  the  two  forms. 

TJie  integument  in  the  Cuttle-fishes  is  provided  with  nu- 
merous mobile  cells,  containing 
pigment  -  granules  of  different 
colours,  and  termed  "chromato- 
phores."  By  means  of  these  many 
species  can  change  their  colours 
rapidly,  under  irritation  or  excite- 
ment. 

The  body  in  the  Cephalopoda  is 
symmetrical,  and  is  enclosed  in  an 
integument  which  may  be  regard- 
ed as  a  modification  of  the  mantle 
of  the  other  Molliisca.  Ordinarily 
there  is  a  tolerably  distinct  separa- 
tion of  the  body  into  an  anterior » 
cephalic  portion  {prosoma),  and  a 
posterior  portion,  enveloped  in 
the  mantle,  and  containing  the 
viscera  {metasoina).  The  head  is 
very  distinct,  bearing  a  pair  of 
large  globular  eyes,  and  having 
the  mouth  in  its  centre.  The 
mouth  is  surrounded  by  a  circle 

of  eight,  ten,  or  more,  long  mUS-  ^'S-  -  Cephalopoda  Sepiola 
Cular  processes,  or  "arms^"    (fig.       (ISr  WoodTardV'^  Cuttle-fishes. 

207),  which  are  generally  provided 

with  rows  of  stalked  or  sessile  suckers.    Each  sucker,  or  "  ace- 
tabulum," consists  of  a  cup-shaped  cavity,  the  muscular  fibres  of 
which  converge  to  the  centre,  where  there  is  a  little  muscular 
eminence  or  papilla.    When  the  sucker  is  applied  to  any  surface 
the  contraction  of  the  radiating  muscular  fibres  depresses  the 

2  C 
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papilla  so  as  to  produce  a  vacuum  below  it,  and  in  this  way  each 
sucker  acts  most  efficiently  as  an  adhesive  organ.  In  some 
forms  {Decapodd)  the  base  of  the  papilla,  or  piston,  is  sur- 
rounded by  a  horny  dentated  ring,  and  in  some  others  (as  in 
OnychoteutJiis)  the  papillae  are  produced  into  long  claws.  In 
the  Octopod  Cuttle-fishes  there  are  only  eight  arms,  and  these 
are  all  nearly  alike.  In  the  Decapod  Cuttle-fishes  there  are 
ten  arms,  but  two  of  these — called  "tentacles" — are  much 
longer  than  the  others,  and  bear  suckers  only  at  their  ex- 
tremities, which  are  enlarged  and  club-shaped.  In  the  Pearly 
Nautilus  the  arms  are  numerous  and  are  devoid  of  suckers. 

In  all  the  Cuttle-fishes,  the  mouth  is  placed  in  the  centre  of 
the    foot,"  and  it  is  by  a  spUtting  up  of  the  margins  of  the 

foot  into  long  muscular  pro- 
cesses, that  the  "  arms  "  are 
produced.  The  arms  are 
always  symmetrically  ar- 
ranged in  a  dorsal,  a  ven- 
tral, and  two  lateral  pairs; 
and  the  "tentacles"  (when 
present)  are  placed  on  the 
ventral  surface,  between  the 
3d  and  4th  pairs  of  arms. 
The  tentacles  may  or  may 
not  beretractile  intopouches 
placed  below  the  eyes,  and 
their  length  may  be  many 
times  greater  than  that  of 
the  body.  They  are  organs 
of  prehension  ;  and  the  arras 
are  in  addition  employed  by 
the  animal  in  locomotion, 
enabling  it  to  creep  along 
the  sea-bottom  head  down- 
ward. 

In  all  the  Decapod,  and 
in  some  of  the  Octopod 

Fig.  .o8.-Diagram  of  a^Cuttle  -  fish  (altered   formS,  the  sideS  of  the  body 

from  Huxley),    w  Mandibles;  n  Cerebral    ^SQ  prodUCeCl  UltO  mUSCUiar 

ganglia;  /  Liver;  /  Intestine;  z  Ink-bag;  ^-.„„„<,:onc  or  finS  (fiilS.  207- 
e  Gill;/ Funnel ;    Ovary ;  i  Cuttle-bone.       expansions  or  Ulib  Vi)-,=.  / 

^  and  214),  with  which  the 

animal  swims  head  foremost.  In  all  the  Cephalopods,  also, 
the  lateral  margins  of  the  foot  ("epipodia")  are  either  placed  in 
apposition  (i\^«?^/////^)  or  are  actually  united  (Cuttle-fishes),  m  sucn 
a  manner  as  to  form  a  muscular  tube,  known  as  the  tunnel. 
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The  funnel  is  placed  on  the  lower  surface  of  the  body,  with 
its  anterior  extremity  projecting  beyond  the  mantle,  while  it 
opens  behind  into  the  pallial  chamber.  It  serves  for  the 
elimination  of  the  water  which  has  been  used  in  respiration, 
and  the  out-going  currents  also  carry  away  with  them  the 
excretions  of  the  kidneys  and  of  the  ink-sac,  together  with  the 
faeces.  By  the  contractions  of  the  mantle,  the  water  contained 
in  the  pallial  sac  can  also  be  driven  through  the  funnel  in  a 
succession  of  jets,  driving  the  animal  backwards  through  the 
water. 

The  mouth  leads  into  a  buccal  cavity  (iig.  208)  containing 
two  powerful  mandibles,  working  vertically,  resembHng  the 
beak  of  the  parrot  in  shape,  and  either  horny  (as  in  the  Cuttle- 
fishes) or  partially  calcareous  in  composition  (as  in  the 
Nautilus).  There  is  also  a  muscular  tongue  which  appears  to 
be  in  part  an  organ  of  taste,  whilst  in  part  it  is  developed  into 
a  lingual  ribbon  or  "  odontophore."  The  buccal  cavity  (fig. 
208)  conducts  by  an  oesophagus — into  which  salivary  glands 
usually  pour  their  secretion  —  to  a  stomach,  from  which  an 
intestine  is  continued,  with  a  neural  flexure,  to  open  on  the 
ventral  surface  of  the  animal  at  the  base  of  the  funnel.  A 
large  and  well-developed  liver  is  present.  In  many  cases 
there  is  also  a  special  gland,  called  the  "  ink-bag,"  for  the 
secretion  of  an  inky  fluid,  which  the  animal  discharges  into 
the  water,  so  as  to  enable  it  to  escape  when  menaced  or 
pursued.  The  duct  of  the  ink-bag  opens  at  the  base  of  the 
funnel ;  but  this  apparatus  is  entirely  wanting  in  the  Tetra- 
branchiate  Cephalopods,  where,  in  consequence  of  the  presence 
of  an  external  shell,  this  means  of  defence  is  not  needed. 

The  kidneys  (fig.  209,  r  r)  are  in  the  form  of  spongy  cellular 
organs  developed  upon  the  two  posterior  branches  of  the  vena 
cava.  The  circulatory  organs  consist  of  a  systemic  central 
heart  (fig.  209,  c)  which  drives  the  aerated  blood  to  all  parts 
of  the  body.  The  blood  finds  its  way  into  the  veins  mostly 
through  the  intervention  of  a  system  of  capillaries,  but  also  by 
means  of  sinuses  and  lacunae  amongst  the  tissues.  The  two 
great  trunks  which  carry  the  venous  blood  to  the  branchiae, 
are  further  provided,  in  the  Cuttle-fishes,  with  special  con- 
tractile dilatations,  situated  one  at  the  base  of  each  gill,  and 
known  as  the  "  branchial  hearts  "  {e  e). 

The  respiratory  organs  are  in  the  form  of  two  (Cuttle-fishes) 
or  four  {Nautilus)  plume-like  gills,  placed  symmetrically  on  the 
sides  of  the  body  within  the  pallial  sac.  The  gills  (fig.  209,  b  b) 
consist  each  of  a  central  stem,  bearing  finely-divided  lateral 
vascular  laminee ;  and  as  they  are  not  ciliated,  the  necessary 
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respiratory  currents  are  maintained  by  the  alternate  contrac 
tions  and  expansions  of  the  muscular  walls  of  the  mantle-sac. 


Fig.  209. — Central  organs  of  the  circulation,  gills,  and  renal  organs  of  Sepia  officinalh. 
(After  John  Hunter),  a  Aorta  ;  v  Vena  cava ;  v'  v'  Visceral  veins  ;  c  Systemic 
heart ;  d  d  Dilatations  of  branchial  veins  on  entering  the  heart ;  e  e  Branchial 
hearts  ;  b  b  Branchiae  ;  r  r  Renal  organs. 

In  each  expansion  the  water  finds  its  way  into  the  pallial 
chamber  by  the  opening  between  the  rim  of  the  mantle  and 
the  neck ;  and  in  each  contraction  it  is  expelled  through  the 
tube  of  the  funnel,  which  is  so  constructed  as  to  allow  of  the 
egress  but  to  prevent  the  ingress  of  the  water. 

The  nervous  system  consists  of  the  three  normal  pairs  of 
ganglia — the  cerebral,  pedal,  and  parieto-splanchnic — but  these 
are  aggregated  to  form  an  oesophageal  collar  (fig.  208,  n). 
The  organs  of  sense  are  a  pair  of  large  and  very  highly  devel- 
oped eyes,  and  a  pair  of  auditory  sacs.  The  great  oesophageal 
nerve  collar  is  protected  by  a  cartilaginous  plate,  which  fore- 
shadows the  cranium  of  the  Verteh'ata ;  this  also  sends  out 
prolongations  which  strengthen  and  defend  the  eye,  and  the 
auditory  chambers  are  excavated  in  its  substance. 

The  sexes  in  all  the  Cephalopoda  are  in  difterent  individuals, 
the  males  and  females  generally  being  more  or  less  unlike 
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externally.  In  this  order  the  ducts  of  the  generative  Ofgans 
open  into  the  pallial  chamber,  and  each  individual,  besides  the 
essential  organs  of  reproduction  (testis  or  ovary),  generally 
possesses  an  accessory  gland ;  that  of  the  female  secreting  a 
viscid  material  which  unites  the  eggs  together,  whilst  that  of 
the  male  coats  the  spermatozoa,  and  aggregates  them  into 
peculiar  worm-like  filaments,  from  six  to  eight  lines  in  length, 
termed  "  spermatophores,"  or  the  "  moving  filaments  of  Need- 
ham."  The  spermatophore  is  filled  with  spermatozoa,  and 
possesses  the  power  of  expanding  when  moistened,  rupturing, 
and  expelling  the  contained  spermatozoa  with  considerable 


Fig.  210.— j  Ocio^ns  carena  (male),  showing  cyst  in  place  of  the  third  arm.    2.  Ven- 
ward  )       ^"  individual,  more  developed,  with  the  hectocotylus  {a).    (After  Wood- 

force.  During  the  congress  of  the  sexes  the  male  transfers 
the  spermatophores  to  the  pallial  chamber  of  the  female,  true 
intromission  not  being  possible,  but  the  mode  in  which  this 
transference  is  effected  differs  in  different  cases,  and  is  not 
universally  known. 
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In  the  males  of  many  of  the  Cuttle-fishes,  one  of  the  arms  is 
peculiarly  modified,  and  is  said  to  be  "  hectocotylised,"  but  the 
extent  to  which  this  modification  is  carried  differs  in  different 
cases,  and  it  is  not  always  the  same  arm  in  different  species 
which  is  thus  affected.  In  some  cases,  the  "hectocotylised" 
arm  is  little  altered  from  its  ordinary  form,  and  though  the 
alteration  be  primarily  sexual,  the  arm  is  not  known  to  play 
any  part  in  the  reproductive  process.  In  other  cases,  again, 
such  as  Odopus  carena  (fig.  210),  Tremoctopics  violaceus  (fig. 
211,  b)^  SLiid  Argonaiifa  argo  (fig.  211,  a),  the  "hectocotylised" 


Fig.  211. — a,  Male  oi  Argojiantn  argo,  with  the  hectocotylised  ann  still  contained  m 
its  enveloping  cyst,  four  times  enlarged  (after  H.  MuUer) ;  b,  Hectocotylus  of  Tremoc- 
topus  violaceus  (after  KoUiker. 


arm  is  the  efficient  agent  in  the  impregnation  of  the  female. 
It  is,  in  these  forms,  longer  and  thicker  than  the  other  arms, 
and  possesses  posteriorly  a  sac  which  is  filled  with  spermato- 
phores.  During  the  reproductive  act  the  "hectocotylised" 
arm  is  actually  detached  by  the  male,  and  deposited,  with  its 
freight  of  sperniatophores,  within  the  pallial  chamber  of  the 
female.  When  thus  detached  (fig.  211,  b\  it  is  capable  of 
independent  movement,  and  when  first  found  in  this  free  con- 
dition within  the  mantle-cavity  of  the  female  Argonaut,  it  was 
regarded  as  a  parasitic  worm.  Cuvier  gave  the  name  of 
"  Hectocotylus  Octopodis "  to  it,  under  this  belief  as  to  its 
nature.  Hence  the  name  of  "  hectocotylus  "  (in  allusion  to  the 
suckers  which  it  carries)  is  still  applied  to  the  detached  arm; 
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whereas  the  arm,  if  not  detached,  is  simply  said  to  be  "hecto- 
cotyhsed." 

In  those  cases  in  which  the  hectocotyHsed  arm  is  not  de- 
tached, it  is  asserted  by  Steenstrup  that  it  is  employed  by  the 
male  in  the  direct  transference  of  the  spermatophores  to  the 
pallial  chamber  of  the  female ;  though  it  is  still  uncertain  how 
the  spermatophores  find  their  way  from  the  seminal  ducts  to 
the  sac  in  the  interior  of  the  arm. 

The  eggs  of  the  Cuttle-fishes  are  enclosed,  singly  or  many 
together,  in  special  capsules,  which  are  generally  attached  in 
bunches'  to  some  foreign  body.  The  ovum  undergoes  partial 
segmentation,  as  in  Birds  and  Reptiles,  and  the  unsegmented 
portion  of  the  yolk  is  gradually  absorbed  by  the  growing 
embryo. 

The  shell  of  the  Cephalopoda  is  sometimes  external,,  some- 


IV'-Tr'^ .^"^^"""^^  skeleton  of  Sefiia  ortiaia;  b  Pen     Histioieuthis  BoneUiana  ■ 
c  bhell  (  phragmacone  ")  of  ^/zV«/a/ra^zVzj;  d  Axxxm^X  oi  Spirula  Peronii.  ' 

times  internal.  The  internal  skeleton  (fig.  212)  is  known  as 
the  cuttle-bone,"  sepiostaire,"  or  "pen"  {gladius),  and  may 
be  either  corneous  or  calcareous.  In  some  cases  it  is  rendered 
complex  by  the  addition  of  a  chambered  portion  or  "phrag- 
macone,"  which  is  to  be  regarded  as  a  visceral  skeleton  or 
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"  splanchnoskeleton,"  In  Spirula  (fig.  212,  c)  the  phragma- 
cone  is  the  sole  internal  skeleton,  and  is  coiled  into  a  spiral, 
the  coils  of  which  lie  in  one  plane,  and  are  near  one  another, 
but  not  in  contact.  It  thus  resembles  the  shell  of  the  Pearly 
Nautilus,  but  it  is  internal,  and  differs,  therefore,  entirely  from 
the  external  shell  of  the  latter.  The  only  living  Cephalopods 
which  are  provided  with  an  external  shell  are  the  Paper  Nauti- 
lus [Argonatiia),  and  the  Pearly  Nautilus  {Nautilus pompiliiis)\ 
but  not  only  is  the  structure  of  the  animal  different  in  each  of 
these,  but  the  nature  of  the  shell  itself  is  entirely  different. 
The  shell  of  the  Argonaut  (fig.  213)  is  involuted,  but  is  not 
divided  into  chambers,  and  it  is  secreted  by  the  webbed  ex- 

^tremities  of  two  of  the  dorsal  arms  of  the  female.  The  arms 
are  bent  backwards,  so  as  to  allow  the  animal  to  live  in  the 
shell,  but  there  is  in  reality  no  organic  connection  between  the 
shell  and  the  body  of  the  animal.  In  fact,  the  shell  of  the 
Argonaut,  being  confined  to  the  female,  and  serving  by  its 
empty  apex  as  a  receptacle  for  the  ova,  may  be  looked  upon 
as  a  "  nidamental  shell,"  or  as  it  is  secreted  by  a  modified  por- 
tion of  the  foot,  it  may  more  properly  be  regarded  as  a  "  pedal 

•shell."  The  shell  of  the  Pearly  Nautilus  (fig.  216),  on  the 
other  hand,  is  a  true  pallial  shell,  and  is  secreted  by  the  body 
of  the  animal,  to  which  it  is  organically  connected.  It  is  in- 
voluted, but  it  differs  from  the  shell  of  the  Argonaut  in  being 
divided  into  a  series  of  chambers  by  shelly  partitions  or  septa, 
which  are  pierced  by  a  tube  or  "  siphuncle,"  the  animal  itself 
living  in  the  last  chamber  only  of  the  shell. 


CHAPTER  L. 

DIVISIONS  OF  THE  CEPHALOPODA. 

The  Cephalopoda  are  divided  into  two  extremely  distinct  an 
well  marked  orders,  termed  the  Dibranchiata  and  Tctr 
brajichiata.    The  former  comprises  all  the  true  Cutde-fishes 
whilst  the  latter,  though  abundantly  represented  in  past  time 
has  no  other  living  representative  than  the  Pearly  Nautilus 
alone. 

Order  I.  Dibranchiata.— The  members  of  this  order  of  the 
Cephalopoda  are  characterised  as  being  sunmmimg  animals,  al- 
most invariably  naked,  with  never  more  than  eight  or  ten  arms, 
which  are  always  provided  with  suckers.    There  are  tivo  branchm^ 
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TvJiich  are  furnished  with  branchial  hearts  ;  an  ink-sac  is  always 
present ;  the  funnel  is  a  complete  tube,  and  the  shell  is  internal, 
or,  if  external,  is  not  chambered. 

The  Cuttle-fishes  are  rapacious  and  active  animals,  swim- 
ming freely  by  means  of  the  jet  of  water  expelled  from  the  fun- 
nel. The  arms  constitute  powerful  offensive  weapons,  being 
excessively  tenacious  in  their  hold,  and  being  sometimes  pro- 
vided with  a  sharp  claw  in  the  centre  of  each  sucker.  They 
are  mostly  nocturnal  or  crepuscular  animals,  and  they  some- 
times attain  to  a  great  size.  They  may  be  divided  into  two 
sections,  Octopoda  and  Decapoda,  according  as  they  have  simply 
eight  arms,  or  eight  arms  and  two  additional  "  tentacles." 

Section  A.  Octopoda. — The  Cephalopods  comprised  in  this 
section  are  distinguish- 
ed by  the  possession  of 
not  more  than  eight  arms, 
which  are  provided  with 
sessile  suckers.  The  shell 
is  internal  and  rudiment- 
ary; in  one  instance  only 
(the  Argonaut)  external. 
The  body  is  short  and 
bursiform,  and  ordinarily 
without  fins. 

This  section  comprises 
the  two  families  of  the 
Argonautidce,  and  the  Oc- 
topodidce.  In  the  former 
of  these  there  is  only  the 
single  genus  Argojiauta 
(the  Paper  Sailor,  or  the 
Paper  Nautilus),  of  which 
the  female  and  male  differ 
greatly  from  one  another. 
The  female  Argonaut  (fig. 
2 13)  is  protected  by  a  thin 

single-chambered  shell,   in  ^'^2-—Argo}iauia  argo,  the  "Paper  Nau- 

lorm  symmetrical  and  in- 
voluted, which  is  secreted 
by  the  webbed  extremities 
of  the  dorsal  arms,  but  is  not  attached  in  any  way  to  the  body 
of  the  animal.    It  sits  in  its  shell  with  the  funnel  turned  to- 
wards the  keel,  and  the  webbed  arms  applied  to  the  shell 
The  male  Argonaut  is  much  smaller  than  the  female  (less  than 
an  inch  in  length),  and  is  not  protected  by  any  shell  The 


tilus,"  female.  The  animal  is  represented  in 
its  shell,  but  the  webbed  dorsal  arms  are  se- 
parated from  the  shell,  which  they  ordinarily 
embrace. 
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third  left  arm  of  the  male  (fig.  211)  is  developed  in  a  cyst, 
and  ultimately  becomes  a  "  hectocotylus,"  and  is  deposited 
by  the  male  in  the  pallial  chamber  of  the  female. 

In  the  OctopodidcB.  (or  Poulpes)  there  are  eight  arms,  all 
similar  to  one  another,  and  united  at  the  base  by  a  web. 


Fi°-  214  —A,  The  common  Calamary  {Loligo  vulgaris),  reduced  in  size :  a  One  of  j;he 
ordinary  arms  ;  t  One  of  the  longer  arms  or  "  tentacles."  B,  Skeleton  or  pen  ot 
the  same,  one-fourth  natural  size  (after  Woodward).  C,  Side  view  of  one  ol  tne 
suckers,  showing  the  horny  hooks  surrounding  the  margin.  D,  View  of  the  heao 
from  in  front,  showing  the  bases  of  the  arms  {a)  and  tentacles  (t),  the  mouin 
and  the  funnel  (J.  ) 


There  is  an  internal  rudimentary  shell,  represented  by  two 
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short  styles  encysted  in  the  substance  of  the  mantle  (Owen). 
The  body  is  seldom  provided  with  lateral  fins.  The  third  right 
arm  of  the  male  is  primarily  developed  in  a  cyst,  and  ultimately 
becomes  "  hectocotylised." 

Section  B.  Decapoda.— The  Cephalopods  of  this  section 
have  eight  arms  and  two  additional  "  tentacles,"  which  are 
much  longer  than  the  true  arms,  are  retractile,  and  have  ex- 
panded, club-shaped  extremities  (fig.  214).  The  suckers  are 
pedunculated ;  the  body  is  always  provided  with  lateral  fins, 
and  the  shell  is  always  internal. 

This  section  comprises  the  three  living  families  of  the 
Teuthidce,  SepiadcB,  and  the  SpindidcB,  and  the  extinct  family 
of  the  Belemnitidce. 

The  family  of  the  TeuthidcE  comprises  the  Calamaries  or 
Squids  (fig.  214),  characterised  by  the  possession  of  an  elon- 
gated body  with  lateral  fins.  The  shell  (fig.  212,  ^)  is  internal 
and  horny,  consisting  of  a  median  shaft  and  of  two  lateral 
wings ;  it  is  termed  the  "  gladius  "  or  "  pen,"  and  in  old  speci- 
mens several  may  be  found  lodged  in  the  mantle,  one  behind 
the  other.  In  the  common  Calamary  {Loligo)  the  fourth  left 
arm  of  the  male  is  metamorphosed  towards  its  extremity  to 
subserve  reproduction. 

In  the  family  of  the  Sepiada  the  internal  shell  (fig.  2 1 2,  <?)  is 
calcareous  ("  cuttle-bone  "  or  "  sepiostaire  "),  and  is  in  the  form 
of  a  broad  plate,  having  an  imperfectly-chambered  apex.  The 
broad  laminated  plate  is  extremely  light  and  spongy,  and 
the  chambered  apex  is  called  the  "mucro."  In  the  living 
members  of  the  family  the  body  is  provided  with  long  lateral 
fins,  sometimes  as  long  and  as  wide  as  the  body  itself. 

In  the  singular  family  of  the  Spirulidce  the  internal  skeleton 
(fig.  212,  c)  is  in  the  form  of  a  nacreous,  discoidal  shell,  the 
whorls  of  which  are  not  in  contact  with  one  another,  and  which 
is  divided  into  a  series  of  chambers  by  means  of  partitions  or 
septa  which  are  pierced  by  a  ventral  tube  or  "  siphuncle." 
The  body  is  provided  with  minute  terminal  fins,  and  the  arms 
have  six  rows  of  small  suckers.  The  shell  of  the  Spirula — 
commonly  known  as  the  "  post-horn  " — is  similar  in  structure 
to  the  shell  of  the  Nautilus,  but  it  is  lodged  in  the  posterior 
part  of  the  body  of  the  animal  (fig.  212),  and  is  therefore  inter- 
nal^ whereas  the  shell  of  the  latter  is  exteriial.  It  really  corre- 
sponds to  the  "  phragmacone  "  of  the  Belemnite.  Though  the 
shell  occurs  in  enormous  numbers  in  certain  localities,  a  single 
perfect  specimen  of  the  animal  is  all  that  has  been  hitherto 
obtained. 
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hi  the  extinct  family  of  the  Belemnittdce,  our  knowledge  . 
chiefly  confined  to  the  hard  parts.    Certain  specimens,  how" 

ever,  have  been  discovered,  which 
show  that  the  Belcmnite  had  essen- 
tially the  structure  of  a  Cuttle-fish, 
such  as  the  recent  Calamary.  The 
body  was  provided  with  lateral  fins ; 
the  arms  were  eight,  furnished  with 
horny  hooks,  with  two  "  tentacles ; " 
and  probably  the  mouth  was  provid- 
ed with  horny  mandibles.  An  ink- 
bag  was  present.  The  internal  skele- 
ton of  a  Belemnite  (fig.  215)  consists 
of  a  chambered  cone — the  "  phrag- 
raacone  "  —  the  septa  of  which  are 
pierced  with  a  marginal  tube  or 
"  siphuncle."  In  the  last  chamber  of 
the  phragmacone  is  contained  the 
ink-bag,  often  in  a  well-preserved 
condition.  Anteriorly  the  phragma- 
cone is  continued  into  a  horny  la- 
mina or  '  pen  "  (the  "  pro-ostracum  " 
of  Huxley),  and  posteriorly  it  is  lodg- 
ed in  a  conical  sheath  or  "  alveolus," 
which  is  excavated  in  the  substance 
of  a  nearly  cylindrical,  fibrous  body, 
the  "  guard  "  (fig.  215,  ^)  which  pro- 
jects backwards  for  a  longer  or 
shorter  distance,  and  is  the  part  most  : 
usually  found  in  a  fossil  condition. 

Order  II.  Tetrabranchiata. — 
The  members  of  this  order  of  the 
Cephalopoda  are  characterised  by  be- 
ing creeping  aiiimals,  pjvtected  by  an 
external,   many-cha}?ibered  shell,  the 
septa  betiveeji  the  chambers  of  which 
ai'e  perforated  by  a  membranous  or  cal- 
careous tube  termed  the  siphuncle! 
The  arms  are  numei-ous,  and  are  de- 
void of  suckers  ;  the  branchice  are  font 
in  number,  tiuo  on  each  side  of  the 
body;  the  funnel  does  not  form,  a  com- 
plete tube  ;  and  there  is  no  ink-bag.^ 
Though  abundantly  represented  by  many  and  varied  extinct 
forms,  the  only  living  member  of  the  Tetrabranchiata  is  the 


Fig.  215. — Diagram  of  Belemnite 
(after  Professor  Phillips).  r 
Horny  pen  or  "  pro-ostracum  ;  " 
f  Chambered  "phragmacone" 
in  its  cavity  (a)  or  "  alveolus  ;  " 
g  "Guard." 
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Pearly  Nautilus,  which  has  been  long  known  by  its  beautiful 
chambered  shell,  but  the  soft  parts  of  which  were  first  described, 
from  a  perfect  specimen,  which  was  examined  by  Professor 
Owen.* 

The  soft  structures  in  the  Pearly  Nautilus  may  be  divided 
into  a  posterior,  soft,  membranous  mass  {metasoma\  contain- 
ing the  viscera,  and  an  anterior  muscular  division,  comprising 
the  head  {prosoma)  \  the  whole  being  contained  in  the  outer- 
most, capacious  chamber  (the  body-chamber  of  the  shell),  from 
which  the  head  can  be  protruded  at  will.  The  shell  itself  (fig. 
216)  is  involuted  and  many-chambered,  the  animal  being  con- 


Fig.  216.— Pearly  Nautilus  {Nautilus  potnpiliui).    a  Mantle  ;  b  Its  dorsal  fold  ; 
c  Hood  ;  o  Eye  ;  t  Tentacles  ;y  Funnel. 


tained  successively  in  each  chamber,  and  retiring  from  it  as  its 
size  becomes  sufficiently  great  to  necessitate  the  acquisition  of 
more  room.  Each  chamber,  as  the  animal  retires  from  it,  is 
walled  off  by  a  curved,  nacreous  septum  ;  the  communication 
between  the  chambers  being  still  kept  up  by  a  membranous 
tube  or  siphuncle,  which  opens  at  one  extremity  into  the  peri- 
cardium, and  is  continued  through  the  entire  length  of  the 
shell.    The  position  of  the  siphuncle  is  in  the  centre  of  each 

*  The  animal  of  the  Pearly  Nautilus  is  still  one  of  the  greatest  rarities 
in  Museums.  Its  anatomy  was  originally  described  from  a  female  specimen 
by  Prof.  Owen  in  1832.  Since  that  time  examples  have  been  described  by 
Van  der  Hoeven,  Vrohk,  Valenciennes,  Macdonald,  &g. 
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septum,  but  the  siphuncle  simply  passes  through  the  chambers,  ' 
without  opening  into  them. 

Posteriorly  the  mantle  of  the  Nautilus  is  very  thin,  but  it  is 
much  thicker  in  front,  and  forms  a  thick  fold  or  collar  sur- 
rounding the  head  and  its  appendages.    From  the  sides  of  the 
head  spring  a  great  number  of  muscular  prehensile  processes 
or  "  arms,"  which  are  annulated,  but  are  not  provided  with 
cups  or  suckers.    Four  of  the  arms  of  the  male  are  specially 
modified  to  form  a  peculiar  organ  termed  the  "  spadix,"  which 
is  connected  with  reproduction,  and  corresponds  with  the 
hectocotylised  "  arm  of  the  male  Cuttle-fishes.  In  the  centre 
of  the  head  is  the  mouth,  surrounded  by  a  circular  fleshy  lip, 
external  to  which  is  a  series  of  labial  processes.    The  mouth 
opens  into  a  buccal  cavity,  armed  with  two  horny  mandibles, 
partially  calcified  towards  their  extremities,  and  shaped  fike 
the  beak  of  a  parrot,  except  that  the  under  mandible  is  the 
longest.    There  is  also  a  "tongue,"  which  is  fleshy  and  sen- 
tient in  front,  but  is  armed  with  recurved  teeth  behind.  The 
gullet  opens  into  a  large  crop,  which  in  turn  conducts  to  a 
gizzard,  and  the  intestine  terminates  at  the  base  of  the  fun- 
nel.   On  each  side  of  the  crop  is  a  well-developed  liver. 

The  heart  is  contained  in  a  large  cavity,  divided  into  seve- 
ral chambers,  and  termed  the  "pericardium"  (Owen).  The 
respiratory  organs  are  in  the  form  of  four  pyramidal  branchis, 
two  on  each  side. 

The  chief  masses  of  the  nervous  system  are  the  cerebral 
and  infra-oesophageal  ganglia,  which  are  partially  protected  by 
a  cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimentary 
cranium,  and  which  sends  out  processes  for  the  attachment  of 
muscles.  The  organs  of  sense  are  two  large  eyes,  attached 
by  short  stalks  to  the  sides  of  the  head,  two  spheroidal  ear- 
capsules,  and  two  hollow  plicated  subocular  processes,  be- 
Heved  to  be  possibly  olfactory  in  their  function._ 

The  reproductive  organs  of  the  female  consist  of  an  ovary, 
oviduct,  and  accessory  nidamental  gland. 

There  is  no  ink-bag,  and  the  funnel  does  not  form  a  com- 
plete tube,  but  consists  of  two  muscular  lobes,  which  are 
simply  in  apposition.  It  is  the  organ  by  which  swimming  is 
effected,  the  animal  being  propelled  through  the  water  by 
means  of  the  reaction  produced  by  the  successive  jets  emitted 
from  the  funnel.  The  function  of  the  chambers  of  the  shell 
appears  to  be  that  of  reducing  the  specific  gravity  of  the 
animal  to  near  that  of  the  surrounding  water,  since  they  are 
most  probably  filled  with  some  gas  secreted  by  the  animal. 
Good  authorities,  however,  believe  that  the  chambers  of  the 
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shell  are  filled  with  water.  The  function  of  the  siphuncle  is 
unknown,  except  in  so  far  as  it  doubtless  serves  to  maintain 
the  vitality  of  the  shell. 

Shell  of  the  Tetrabranchiata. — The  shells  of  all  the 
Tetrabranchiata  agree  in  the  following  points  : — 

1.  The  shell  is  external. 

2.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
or  "septa,"  the  edges  of  which,  where  they  appear  on  the 
surface  of  the  shell,  are  termed  the  "  sutures." 

3.  The  outermost  chamber  of  the  shell  is  the  largest,  and  is 
the  one  inhabited  by  the  animal. 

4.  The  various  chambers  of  the  shell .  are  traversed  by  a 
tube,  termed  the  "siphuncle." 

Agreeing  in  all  these  fundamental  points  of  structure,  two 
very  distinct  types  of  shell  may  be  distinguished  as  character- 
istic of  the  two  families  Nmitilida  and  Ammo7iitidcz,  into  which 
the  order  Tetrahra7ichiata  is  divided. 

In  the  family  Nanfilidce  (fig,  21'j,  d  and  e),  the  "septa"  of 


Fig.  217.— Diagram  to  illustrate  the  position  of  the  siphuncle  and  the  form  of  the  septa 
in  vanous  Tetrabranchiate  Cephalopoda.  The  upper  row  of  figures  represents 
transverse  sections  of  the  shells,  the  lower  row  represents  the  edges  of  the  septa. 
a  a  A7n7no7iite  or  BacuHie ;  b  b  Ceratite ;  cc  Goniatite;  d  d  Clymenia;  c  c  Man- 
tilus  or  Orthoceras. 

the  shell  are  simple,  curved,  or  slightly  lobed;  the  "sutures" 
are  more  or  less  completely  plain;  and  the  "siphuncle"  is 
central,  sub-central,  or  internal  on  the  concave  side  of  the 
curved  shells). 

In  the  family  AmmonitidcR  (fig.  217,  a,  b,  and  c),  on  the 
other  hand,  the  septa  are  folded  and  complex ;  the  sutures  are 
angulated,  zigzag,  lobed,  or  foliaceous ;  and  the  siphuncle  is 
external  (/.  <?.,  on  the  convex  side  of  the  curved  shells).* 

*  Irt  the  AnwionitidcB,  the  initial  chamber  ("ovisac")  of  the  shell  is  an 
egg-shaped  chamber  isolated  from  the  first  air-chamber  by  a  distinct  con- 
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In  both  these  great  types  of  shell,  a  series  of  representative 
forms  exist,  resembling  each  other  in  the  manner  in  which  the 
shell  is  folded  or  coiled,  but  differing  in  their  fundamental 
structure.  All  these  different  forms  may  be  looked  upon  as 
produced  by  the  modification  of  a  greatly  elongated  cone,  the 
structure  of  which  may  be  in  conformity  with  the  type  either 
of  the  Nautilidce.  or  of  the  Anmiojtilidce.  The  following  table 
(after  Woodward)  exhibits  the  representative  forms  in  the  two 
families  : — 


NautilidcB, 

Ammonitida:, 

Shell 

Orthoceras . 

Baculites. 

»> 

bent  on  itself  .  . 

.    Ascoceras  .  . 

Ptychoceras. 

J) 

.    Cyrtoceras  .  . 

Toxoceras. 

)j 

Trochoceras  . 

Turrilites. 

jj 

discoidal    .    .  . 

.    Gvroceras  . 

Crioceras. 

discoidal  and  produced  Lituites  .  . 

Ancyloceras. 

11 

involute     .    .  . 

.  Nautilus 

Ammonites. 

After  the  Nautilus  itself,  the  most  important  form  of  the 
Nautilidce  is  the  Orthoceras  (fig.  2 1 8).    In  structure  this  was 


Fig.  Orthoceras  explorator,  Billings,    i.  Side  view  of  a  fragment,  showing 

the  septa.    2.  Transverse  section  of  the  same,  showing  {s)  the  siphuncle. 

doubtless  essentially  identical  with  the  Nautilus,  but  the  shell, 
instead  of  being  coiled  into  a  spiral  lying  in  one  plane,  was  ex- 
tended in  a  straight,  or  nearly  straight,  line.  Orthoceratites  of 
more  than  six  feet  in  length  have  been  discovered,  but  in  all, 
the  body-chamber,  in  which  the  animal  was  lodged,  appears  to 
have  been  comparatively  small.  The  siphuncle  is  usually  \tx^ 
complex  in  structure,  and  was  calcareous  throughout  its  entire 
length. 

sti-iction,  whereas  no  such  arrangement  obtains  in  the  NautiUd<v.  Such  a 
structure,  however,  is  found  in  Spirtda,  Belemnitcs,  and  other  allied  lonns, 
and  it  has  recently  been  conckided  (Munier-Chahnas)  that  the  Amnon- 
itidce  are  properly  Dibranchiate,  their  shell  being  an  internal  skeleton  or 
phragmacone,  similar  to  the  shell  of  the  Spirula. 
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The  structure  of  the  shell  in  the  Ammo7iitid(z  is  exactly  that 
of  the  Pearly  Nautilus,  consisting  of  an  outer  porcellanous 
and  an  inner  nacreous  layer.  The  body-chamber  was  rather 
elongated  than  laterally  expanded  or  dilated.  _  The  simplest 
form  of  the  Ammo7iitidcd  is  the  Baculite,  in  which  the  shell  is 
straight,  like  that  of  an  Orthoceras,  while  the  septa  have  the 
characters  of  those  of  an  Ammonite,  and  the  siphuncle  is  ex- 
ternal. In  the  Turrilite  (fig.  220)  the  structure  of  the  shell  is 
the  same,  but  it  is  coiled  into  a  turreted  spiral.  In  the  Am- 
monite itself  (fig.  219),  the  shell  is  discoidal  and  involuted,  cor- 


Fig.  2ig. — Ammonites  hifrons,  from  the  Lias. 


responding  (in  form)  to  the  shell  of  the  Nautilus ;  the  body- 
chamber  was  of  comparatively  large  size,  and  had  its  aperture 
closed,  in  some  species  at  any  rate,  by  an  operculum.  The 
shell  sometimes  attained  a  gigantic  size,  and  several  hundred 
species  of  the  genus  have  been  described.  In  Crioceras  (fig. 
220)  the  shell  was  a  flat  spiral,  like  that  of  the  Ammonites, 
but  the  whorls  are  not  in  contact.  In  Toxoceras  the  shell  is 
shaped  like  a  bow.  In  Ancyloceras  (fig.  220)  the  shell  is  at 
first  discoidal,  with  separate  whorls,  then  produced  into  a 
straight  line,  and  finally  bent  forwards  into  a  hook. 

Distribution  of  the  Cephalopoda  in  Space. — All  the 
Cephalopoda,  without  exception,  are  marine.  Some  of  the 
Cuttle-fishes  (such  as  the  Octopi  and  Sepia)  live  in  the  vicinity 
of  land,  especially  frequenting  rocky  bottoms ;  while  others 
(such  as  Argonauia,  Spirula,  Sepiola,  0?iychoteut/iis,  &c.)  live 
in  the  open  sea,  often  far  from  land,  swimming  at  or  near  the 
surface.  Some  of  the  Cuttle-fishes  attain  a  gigantic  size ;  but 
all  these  colossal  forms  of  the  class  appear  to  belong  to  the 
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Decapoda.  The  Architeiithis  of  the  North  Atlantic  is  certainly 
known  to  attain  a  length  of  15  feet  or  upwards  to  the  body  and 


Fig.  220.— Shells  of  Secondary  Cephalopods.  i.  Ancyloceras  MatJieronianus  ;  2. 
Scaphites  aqualis ;  3.  Crioceras  Duvalii;  4.  Hamites  attenuatus ;  5.  Turrilites 
catenatus. 

head,  and  from  30  to  40  feet  or  more  in  the  long  tentacles. 
The  Pearly  Nautilus  is  confined  to  the  Pacific  and  Indian 
Oceans,  and  appears  to  be  an  inhabitant  of  shallow  water. 

Distribution  of  Cephalopoda  in  Time. — The  Cephalo- 
pods are  largely  represented  in  all  the  primary  groups  of 
stratified  rocks  from  the  Upper  Cambrian  up  to  the  present 
day.    Of  the  two  orders  of  Cephalopoda,  the  Tetrabranchiata 
is  the  oldest,  attaining  its  maximum  in  the  Palaeozoic  period, 
decreasing  in  the  Mesozoic  and  Kainozoic  epochs,  and  being 
represented  at  the  present  day  by  the  single  form  Nautilus 
pompilius,  together  with   some   varieties   or  nearly  allied 
species.    Of  the  sections  of  this  order,  the  Nautilida.  proper 
and  the  Orthoceratidce  are  pre-eminently  Palfeozoic,  and  the 
AmmonUidce  are  not  only  pre-eminently,  but  are  almost  ex- 
clusively, Secondary.    Of  the  abundance  of  the  two  former 
families  in  the  Silurian  seas  some  idea  may  be  obtained  when 
it  is  mentioned  that  over  a  thousand  species  have  been  de- 
scribed by  M.  Barrande  from  the  Silurian  basin  of  Bohemia 
alone.    The  Nautilid(B  proper  have  gradually  decreased  in 
numbers  from  the  Palaeozoic  through  the  Secondary  and  Ter- 
tiary periods  to  the  present  day.    The  OrilwceratidcB  died  out 
much  sooner,  being  exclusively  Palceozoic,  with  the  exception 
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of  the  genera  Orthoceras  itself  and  Cyrtoceras,  which  survived 
into  the  commencement  of  the  Secondary  period,  finally  dying 
out  in  the  Trias. 

The  second  family  of  the  Tetrabranchiata — viz.,  the  Amino- 
nitida — is  almost  exclusively  Secondary,  being  very  largely 
represented  by  numerous  species  of  the  genera  Ajjimonites, 
Ceratites,  Baculites,  Turrilites,  &c.  The  principal  Palaeozoic 
genera  are  Goniatites  and  Bactrites,  of  which  the  former  is 
found  from  the  Upper  Silurian  to  the  Trias,  whilst  the  latter  is 
a  Devonian  form ;  but  true  Ammonites  have  been  found  in 
strata  of  Carboniferous  age  in  India  (Dr  Waagen),  The  genus 
Ceratites  is  characteristically  Triassic,  but  it  is  said  to  occur  in 
the  Devonian  rocks.  All  the  remaining  genera  are  exclusively 
Secondary,  the  genera  Baculites,  Turrilites^  Hamites,  and  Pty- 
choceras  being  confined  to  the  Cretaceous  period.  The  only 
genus  which  passes  up  into  the  Tertiaiy  is  Ammonites,  which 
occurs  in  beds  believed  to  be  of  this  age  in  America. 

Of  the  Dibranchiate  Cephalopoda  the  record  is  less  perfect, 
as  they  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
appearance  in  the  Secondary  rocks,  where  they  are  represented 
by  the  large  and  important  family  of  the  Belemnitidce.  Some 
of  the  Teuthidce  and  Sepiadce  are  found  both  in  the  Secondary 
and  in  the  Tertiary  rocks,  and  two  species  of  Argonaut  have 
been  discovered  in  the  later  Tertiaries.  No  example  of  a 
Dibranchiate  Cephalopod  is  known  from  the  Palaeozoic  de- 
posits, and  the  order  attains  its  maximum  at  the  present  day. 
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VERTEBRATE  ANIMALS. 


CHAPTER  LI. 

General  Characters  and  Divisions  of  the 
Vertebrata. 

The  five  sub-kingdoms  which  we  have  previously  considered — 
viz.,  the  Protozoa,  Ccelenterata,  Annuloida,  Ajinulosa,  and  Mol- 
lusca — were  grouped  together  by  the  French  naturaHst  Lamarck 
to  form  one  great  division,  which  he  termed  Invertebrata,  the 
remaining  members  of  the  animal  kingdom  constituting  the 
division  Vertebrata.  The  division  Vertebrata,  though  including 
only  a  single  sub-kingdom,  is  so  compact  and  well  marked  a 
division,  and  its  distinctive  characters  are  so  numerous  and  so 
important,  that  this  mode  of  looking  at  the  animal  kingdom  is, 
at  any  rate,  a  very  convenient  one. 

The  sub-kingdom  Vertebrata  may  be  shortly  defined  as  com- 
prising animals  in  which  the  body  is  composed  of  a  number  of 
defnite  segments  arranged  along  a  lo?igitudinal  axis  ;  the  nervous 
system  is  in  its  main  masses  dorsal,  and  the  neural  and  hcemal 
regions  of  the  body  are  always  completely  shut  off  from  one 
another  by  a  partition;  the  limbs  are  never  more  than  four  in 
number,  and  are  always  turned  away  from  the  neural  aspect  of 
the  body  ;  mostly  there  is  the  bony  axis  know7i  as  the  "  spine  or 
"  vertebral  column,"  and  in  all  the  structure  known  as  the  "  noto- 
chord"  is  present — hi  the  embryo,  at  any  rate.  These  charac- 
ters distinguish  the  Vertebrata,  as  a  whole,  from  the  Inverte- 
brata ;  but  it  is  necessary  to  define  these  broad  differences 
more  minutely,  and  to  consider  others  which  are  of  little  less 
importance. 
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One  of  the  most  obvious,  as  it  is  one  of  the  most  funda- 
mental, of  the  distinctive  characters  of  Vertebrates,  is  to  be 
found  in  the  shutting  off  of  the  main  masses  of  the  nervous 
system  from  the  general  cavity  of  the  body.  In  all  Inverte- 
brate animals,  without  exception,  the  body  (fig.  221,  A)  may 
be  regarded  as  a  single  tube,  enclosing  all  the  viscera;  and 


b  1 

A  «,    ©     ^  R 


n 

c 

Fig.  221. — A,  Transverse  section  of  the  body  of  one  of  the  \(\^&r  Invertebrata:  a 
Body-wall ;  b  Alimentary  canal ;  c  Hasmal  system  ;  n  Nervous  system.  B,  Trans- 
verse section  of  the  body  of  a  Vertebrate  animal ;  a  Body-wall ;  b  Alimentary 
canal ;  c  Haemal  system  ;  71  Sympathetic  system  of  nerves ;  n'  Cerebro-spinal  system 
of  nerves ;  ch  Notochord.  . 

consequently,  in  this  case,  the  nervous  system  is  contained 
within  the  general  cavity  of  the  body,  and  is  not  in  any  way 
shut  off  from  the  alimentary  canal.  The  transverse  section, 
however,  of  a  Vertebrate  animal  exhibits  two  tubes  (fig.  221,  B), 
one  of  which  contains  the  great  masses  of  the  nervous  system 
— that  is,  the  cerebro-spinal  axis,  or  brain  and  spinal  cord 
— whilst  the  other  contains  the  alimentary  canal  and  the 
chief  circulatory  organs,  together  with  certain  portions  of. 
the  nervous  system  known  as  the  "ganglionic"  or  "sym- 
pathetic" system.  Leaving  the  cerebro-spinal  centres  out 
of  sight  for  a  moment,  we  see  that  the  larger  or  visceral 
tube  of  a  Vertebrate  animal  contains  the  digestive  canal,  the 
haemal  system,  and  a  gangliated  nervous  system.  Now  this 
is  exactly  what  is  contained  in  the  visceral  cavity  of  any  Om 
the  higher  Invertebrate  animals ;  and  it  follows  from  this,  as 
pointed  out  by  Von  Baer,  that  it  is  the  sympathetic  nervous 
system  of  Vertebrates  which  is  truly  comparable  to,  an" 
homologous  with,  the  nervous  system  of  Invertebrates.  The 
cerebro-spinal  nervous  centres  of  the  Vertebrata  are  to  be  re- 
garded as  something  superadded,  and  not  represented  at  all 
amongst  the  Invertebrata. 

The  tube  containing  the  cerebro-spinal  centres  is  formed  as 
follows  :  At  an  early  period  in  the  development  of  the  embryo 
of  any  Vertebrate  animal,  the  portion  of  the  ovum  in  which 
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development  is  going  on  —  the  "germinal  area"  —  becomes 
elevated  into  two  parallel  ridges,  one  on  each  side  of  the 
middle  line,  enclosing  between  them  a  long  groove,  which  is 
known  as  the  "primitive  groove"  (fig.  222,  A,  B).  The  ridges 
•  which  bound  the  primitive  groove  are  known  as  the  "laminae 
dorsales  ; "  and  they  become  more  and  more  raised  up,  till  they 
ultimately  meet  in  the  middle  line,  and  unite  to  form  a  tube, 
within  which  the  cerebro-spinal  nervous  centres  are  developed. 
It  follows  from  its  mode  of  formation  that  the  inner  wall  of  the 
tube  formed  by  the  primitive  groove,  which  remains  as  the 
septum  between  the  cerebro-spinal  canal  and  the  body-cavity, 
is  nothing  more  than  a  portion  of  the  primitive  wall  of  the 
body  of  the  embryo.  And  there  appears  to  be  little  doubt,  as 
believed  by  Remak  and  Huxley,  that  the  cerebro-spinal  nervous 
centres  are  "the  result  of  a  modification  of  that  serous  layer 
of  the  germ,  which  is  continuous  elsewhere  with  the  epidermis  " 
(Huxley). 

Another  remarkable  peculiarity  as  regards  the  nervous  sys- 
tem is  found  in  the  fact  that  in  no  Vertebrate  animal  does  the 


Fig  222.— Embryology  of  Vertebrata.  A,  Portion  of  the  germinal  area  of  the  ovum 
ot  a  bitch,  showmg  the  primitive  groove  (after  Bischoff).  B,  Profile  view  of  the 
same.  C  Diagram  representing  the  amnion  and  allantois :  e  Embryo ;  a  Am- 
nion ;  7<  Umbilical  vesicle ;  b  Allantois ;  /  Pedicle  of  the  allantois,  afterwards  the 
urinary  bladder.    D,  Head  of  an  embryo,  showing  the  visceral  arches  {-j  v). 

ahmentary  canal  pierce  the  main  masses  of  the  nervous  system, 
but  turns  away  to  open  on  the  opposite  side  of  the  body.  In 
most  Invertebrates,  on  the  other  hand,  in  which  there  is  a 
well-developed  nervous  system,  this  is  perforated  by  the  gullet, 
so  that  an  cesophageal  nerve-collar  is  formed,  and  some  of  the 
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nervous  centres  become  prae  -  oesophageal,  whilst  others  are 
post-oesophageal. 

Furthermore,  the  floor  of  the  "primitive  groove"  in  the 
embryo  of  all  Vertebrates  has  developed  in  it  at  an  early 
period  the  structure  known  as  the  "  notochord "  or  "  chorda 
dorsahs"  (fig.  221,  B,  c/i).  This  structure,  doubtfully  repre- 
sented in  any  Invertebrate,  is  a  semi-gelatinous  or  cartilaginous 
collection  of  cells,  forming  a  rod-like  axis,  which  tapers  at  both 
ends,  and  extends  along  the  floor  of  the  cerebro-spinal  canal, 
supporting  the  cerebro-spinal  nervous  centres.  In  some  Ver- 
tebrates, such  as  the  Lancelet  {Amphioxus),  the  notochord  is 
persistent  throughout  life.  In  the  majority  of  cases,  however, 
the  notochord  is  replaced  before  maturity  by  the  structure 
known  as  the  "  vertebral  column "  or  "  backbone,"  from 
which  the  sub-kingdom  Vertebrata  originally  derived  its  name. 
This  is  not  the  place  for  an  anatomical  description  of  the 
spinal  column,  and  it  is  sufficient  to  state  here  that  it  is  essen- 
tially composed  of  a  series  of  cartilaginous,  or  more  or  less 
completely  ossified,  segments  or  vej'tebrce,  arranged  so  as  to  form 
a  longitudinal  axis,  which  protects  the  great  masses  of  the 
nervous  system.  It  is  to  be  remembered,  however,  that  all 
Vertebrate  animals  do  not  possess  a  vertebral  column.  They 
all  possess  a  notochord ;  but  this  may  be  persistent,  and  in 
many  cases  the  development  of  the  spinal  column  is  extremely 
imperfect. 

Another  embryonic  structure  which  is  characteristic  of  all 
Vertebrates,  is  found  in  the  so-called  "  visceral  arches "  and 
"clefts"  (fig.  222,  D).  The  "visceral  arches"  are  a  series  of 
parallel  ridges  running  transversely  to  the  axis  of  the  body, 
situated  at  the  sides  of,  and  posterior  to,  the  mouth.  As  devel- 
opment proceeds,  the  intervals  between  these  ridges  become 
grooved  by  depressions  which  gradually  deepen,  until  they 
become  converted  into  a  series  of  openings  or  "  clefts,"  where- 
by a  free  communication  is  established  between  the  upper  part 
of  the  alimentary  canal  (pharynx)  and  the  external  medium. 
In  Fishes  and  many  Amphibians  the  greater  number  of  the 
visceral  clefts  remain  open  throughout  life  ;  and  the  visceral 
arches  of  all  fishes  (except  the  Lancelet)  throw  out  filamentous 
or  lamellar  processes,  which  receive  branches  of  the  aorta  and 
constitute  branchiae.  In  the  higher  Vertebrata  all  the  visceral 
clefts  become  closed,  whilst  no  branchi^  are  ever  developed 
upon  the  visceral  arches. 

The  limbs  of  Vertebrate  animals  are  always  articulated  to 
the  body,  and  they  are  always  turned  away  from  the  neural 
aspect  of  the  body.    They  may  be  altogether  wanting,  or  they 
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may  be  partially  undeveloped ;  but  there  are  never  more  than 
two  pairs,  and  they  always  have  an  internal  skeleton  for  the 
attachment  of  the  muscles  of  the  limb. 

A  specialised  blood-vascular  or  "  haemal "  system  is  present 
in  all  the  Vertebrata  ;  and  in  all  except  one — the  Amphioxus — 
there  is  a  contractile  cavity  or  heart,  which  never  consists  of 
less  than  two  chambers  provided  with  valvular  apertures.  In 
all  the  Vertebrata  the  heart  is  essentially  a  respiratory  heart — 
that  is  to  say,  it  is  concerned  with  driving  the  impure  or  venous 
blo.od  to  the  breathing  organs;  and  in  its  simplest  forms  (fishes) 
it  is  nothing  more  than  this.  In  the  higher  Vertebrates,  how- 
ever, there  is  superadded  to  this  a  pair  of  cavities  which  are 
concerned  in  driving  the  pure  or  arterial  blood  to  the  body. 
In  the  case  of  the  Mammals,  these  two  circulations  are  often 
spoken  of  as  the  "lesser"  or  "pulmonary"  circulation,  and 
the  "greater"  or  "systemic"  circulation. 

In  all  Vertebrates  there  is  that  peculiar  modification  of  the 
venous  system  which  is  known  as  the  "hepatic  portal  system." 
That  is  to  say,  a  portion  of  the  blood  which  is  sent  to  the  ali- 
mentary canal,  instead  of  returning  to  the  heart  by  the  ordinary 
veins,  is  carried  to  the  liver  by  a  special  vessel — the  vena 
porta. — which  ramifies  through  this  organ  after  the  manner  of 
an  artery. 

In  all  Vertebrates,  also,  is  found  the  peculiar  system  of  ves- 
sels known  as  the  "  lacteal  system."  This  is  to  be  regarded 
as  an  appendage  of  the  venous  system  of  blood  vessels,  and 
consists  of  a  series  of  vessels  which  take  up  the  products  of 
digestion  from  the  alimentary  canal,  elaborate  them,  and  finally 
empty  their  contents  into  the  veins. 

Lastly,  the  masticatory  organs  of  Vertebrates  are  modified 
portions  of  the  walls  of  the  head,  and  never  "  hard  productions 
of  the  alimentary  mucous  membrane,  or  modified  limbs  "  (Hux- 
ley), as  they  are  amongst  the  Invertebrata. 

The  above  are  the  leading  characters  of  the  Vertebrata  as  a 
whole  j  but  before  going  on  to  consider  the  primary  divisions 
of  the  sub-kingdom,  it  may  be  as  well  to  give  a  very  brief  and 
general  description  of  the  anatomy  of  the  higher  and  more 
typical.  Vertebrates,  commencing  with  their  bony  framework, 
or  skeleton. 

The  skeleton  of  the  Vertebrata  may  be  regarded  as  consisting 
essentially  of  the  bones  which  go  to  form  the  head  and  trunk 
on  the  one  hand  (sometimes  called  the  "  axial "  skeleton),  and 
of  those  which  form  the  supports  for  the  limbs  ("  appendicular  " 
skeleton)  on  the  other  hand.  The  bones  of  the  head  and 
trunk  may  be  looked  upon  as  essentially  composed  of  a  series 
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of  bony  rings  or  segments,  arranged  longitudinally,  one  behind 
the  other.  Anteriorly  these  segments  are  much  expanded,  and 
likewise  much  modified,  to  form  the  bony  case  which  encloses 
the  brain,  and  which  is  termed  the  cranium  or  skull.  Behind 
the  head  the  segments  enclose  a  much  smaller  cavity,  which  is 
called  the  "neural"  or  spinal  canal,  as  it  encloses  the  spinal 
cord ;  and  they  are  arranged  one  behind  the  other,  forming 
the  vertebral  column.  The  segments  which  form  the  vertebral 
column  are  called  "vertebrae,"  and  they  have  the  following 
general  structure  :  Each  vertebra  (fig.  223,  A)  consists  of  a  cen- 


Fig.  223.— A,  Lumbar  vertebra  of  a  Whale  :  c  Body  or  centrum  ;  n  n  Neural  arches 
^  Neural  spine  ;  ad  Articular  processes;  dd  Transverse  processes.    B,  Diagram  o 
a  thoracic  vertebra  :  c  Centrum;  nn  Neural  arches  enclosing  the  neural  canal ; 
Neural  spine  ;  rr  Ribs,  assisting  in  the  formation  of  the  haemal  arch  ;  / /  Costal 
tilages  ;  b  Sternum,  with  haemal  spine.    (After  Owen.) 

tral  piece,  which  is  the  fundamental  and  essential  element  o 
the  vertebra,  and  is  known  as  the  "  body  "  or  "  centrum  "  {c). 
From  the  upper  or  posterior  surface  of  the  centrum  spring  two 
bony  arches  {n  7i)\  which  are  called  the  "  neural  arches "  or 
"  neurapophyses,"  because  they  form  with  the  body  a  canal — 
the  "  neural  canal " — which  encloses  the  spinal  cord.  From 
the  point  where  the  neural  arches  meet  behind,  there  is  usually 
developed  a  longer  or  shorter  spine,  which  is  termed  the  "  spi- 
nous process,"  or  "neural  spine"  {s).  From  the  neural  arches 
there  are  also  developed  in  the  typical  vertebra  two  processes 
{ad),  which  are  known  as  the  "articular"  processes,  or  "zyga- 
pophyses."  The  vertebrae  are  united  to  one  another  partly  by 
these,  but  to  a  greater  extent  by  the  bodies  or  "  centra."  From 
the  sides  of  the  vertebral  body,  at  the  point  of  junction  with 
the  neural  arches,  there  proceed  two  lateral  processes  {d d\ 
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which  are  known  as  the  "  transverse  processes."  (In  the  typi- 
cal vertebra  the  transverse  processes  consist  each  of  two  pieces, 
an  anterior  piece  or  "parapophysis,"  and  a  posterior  piece  or 
"  diapophysis.")  These  elements  form  the  vertebra  of  the 
human  anatomist,  but  the  vertebra "  of  the  transcendental 
anatomist  is  completed  by  a  second  arch  which  is  placed  be- 
neath the  body  of  the  vertebra,  and  which  is  called  the  "h^- 
mal  "  arch,  as  it  includes  and  protects  the  main  organs  of  the 
circulation.  This  second  arch  is  often  only  recognisable  with 
great  difficulty,  as  its  parts  are  generally  much  modified,  but  a 
good  example  may  be  obtained  in  the  human  chest,  or  in  the 
caudal  vertebra  of  a  bony  fish. 

•  The  haemal  arch  in  the  case  of  the  human  thorax  (fig.  223, 
B)  is  formed  by  the  ribs  {rr)  and  the  costal  cartilages  {p  p\ 
and  is  completed  in  front  by  the  breast-bone  or  sternum  {b), 
which  in  some  cases — but  not  in  man — develops  a  spine  (the 
haemal  spine)  which  corresponds  to  the  neural  spine  on  the 
opposite  aspect  of  the  vertebra. 

It  follows  from  the  above,  that  the  typical  vertebra  consists 
of  a  central  piece  or  body  from  which  two  arches  are  given  off, 
one  of  which  protects  the  great  masses  of  the  nervous  system, 
and  is  therefore  said  to  be  "neural  j"  whilst  the  other  protects 
the  main  organs  of  the  circulation,  and  is  therefore  said  to  be 
"  hjEmal."  The  correspondence  of  the  typical  bony  segment 
or  vertebra  Avith  the  doubly  tubular  structure  of  the  body  in  all 
Vertebrates  is  thus  too  obvious  to  require  to  be  specially 
pointed  out. 

As  a  general  rule,  the  vertebral  column  is  divisible  into  a 
number  of  distinct  regions,  of  which  the  following  are  recog- 
nisable in  man  and  in  the  higher  Vertebrata  .•  i.  A  series  of 
vertebrae  which  compose  the  neck,  and  constitute  the  "cervical 
region  "of  the  spine  (fig.  224,7/).  2.  A  number  of  vertebrae 
which  usually  carry  well-developed  ribs,  and  form  the  "  dorsal 
region "  {d).  3.  A  series  of  vertebrae  which  form  the  region 
of  the  loins,  or  "lumbar  region"  (/).  4.  A  greater  or  less 
number  of  vertebrae  which  constitute  the  "  sacral  region,"  and 
are  usually  amalgamated  or  "anchylosed"  together  to  form 
a  single  bone,  the  "  sacrum."  5.  The  spinal  column  is  com- 
pleted by  a  variable  number  of  vertebrze  which  constitute  the 
"caudal"  region,  or  tail  {c). 

As  regards  the  sktdl  of  the  Vertebrata,  it  has  been  thought 
advisable  not  to  enter  into  any  general  details  here,  partly 
because  the  subject  is  one  which  can  only  be  properly  dis- 
cussed in  a  work  specially  devoted  to  Human  or  Comparative 
Anatomy,  and  partly  because  there  is  still  much  diversity  of 


432 


MANUAL  OF  ZOOLOGY. 


opinion  as  to  the  exact  composition  of  the  skull.  There  is 
however,  a  very  general  concurrence  of  opinion  that  the  skull 
IS  composed  of  a  number  of  separate  segments,  and  this  is  a 
point  which  it  is  important  to  remember.  By  Owen,  and  by 
many  other  competent  authorities,  these  cranial  segments  are 
looked  upon  as  being  nothing  more  than  so  many  vertebra^ 
the  neural  canals  of  which  are  greatly  expanded  to  enclose 
the  brain,  whilst  the  h^mal  arches  are  very  greatly  modified  to 
serve  different  purposes.    This  view  is  not  accepted  by  Hux- 


Fig.  224.— Skeleton  of  Dog  {Canis  familiaris).    After  Youatt.    j  Skull ;  n  Cervii 
region  of  the  spine ;  d  Dorsal  region ;  /  Lumbar  region ;  c  Caudal  region  ;  h  Humenis 
f  Fore-arm ;  ca  Carpus  ;  vt  Metacarpus  ;  z  Ilium  ;  fe  Femur ;  t  Leg  ;  ta  Tarsus 
VI  Metatarsus  ;  r  Ribs  ;  b  Sternum  ;  /  Ligamentum  nuchse. 

ley ;  but  the  general  fact  that  the  skull  is  composed  of  separat 
segments  appears  to  be  universally  admitted.    The  only  per 
tion  of  the  bony  framework  of  the  head  which  it  is  absolute! 
essential  to  understand,  is  the  lower  jaw  or  ''mandible."  Th 
lower  jaw  is  sometimes  wanting,  but  when  present,  it  consist 
in  all  Vo'tebrata  of  two  halves  or  "  rami,"  which  are  united  to 
one  another  in  front,  and  articulate  separately  with  the  skull 
behind.    In  many  cases,  each  half,  or  "ramus,"  of  the  lower 
jaw  consists  of  several  pieces  united  to  one  another  by  sutures ; 
but  in  the  Mamtnalia  each  ramus  consists  of  no  more  than  a 
single  piece.    The  two  rami  are  very  variously  connected  with 
one  another,  being  sometimes  only  joined  by  ligaments  and 
muscles,  sometimes  united  by  cartilage  or  by  bony  suture,  and 
sometimes  fused  or  anchylosed  with  one  another,  so  as  to  leave 
no  evidence  of  their  true  composition.    The  mode  by  which 
each  ramus  of  the  lower  jaw  articulates  with  the  skull  also 
varies.    In  the  Mainmalia  the  lower  jaw  articulates  with  a 
cavity  formed  on  what  is  known  to  human  anatomists  as  the 
temporal  bone ;  but  in  Birds  and  Reptiles  the  lower  jaw  articu- 
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lates  with  the  skull,  not  directly,  but  by  the  intervention  of  a 
special  bone,  known  as  the  "  quadrate  bone    or  os  qiiadratum. 

As  regards  the  limbs  of  Vertebrates,  whilst  many  differences 
exist,  wjiich  will  be  afterwards  noticed,  there  is  a  general 
agreement  in  the  parts  of  which  they 
are  composed.    As  a  rule,  each  pair  of 
limbs  is  joined  to  the  trunk  by  means 
of  a  series  of  bones  which  also  corre- 
spond to  one  another  in  general  struc- 
ture.   The  fore-limbs,  often  called  the 
"  pectoral "  Hmbs,  are  united  with  the 
trunk  by  means  of  a  bony  arch,  which 
is  called  the  "pectoral"  or  "scapular" 
arch;  whilst  the  hind-limbs  are  simi- 
larly connected  with  the  trunk  by  means 
of  the  "  pelvic  arch."    In  giving  a  gen- 
eral description  of  the  parts  which  com- 
pose the  limbs  and  their  supporting 
I  arches,  it  will  be  best  to  take  the  case 
of  a  Mammal,  and  the  departures  from 
this  type  will  then  be  readily  recognised. 

The  pectoral  or  scapular  arch  consists 
usually  of  three  bones,  the  "  scapula " 
or  shoulder-blade,  the  "  coracoid,"  and 
the  "clavicle"  or  collar-bone;  but  in 
the  great  majority  of  the  Mammals,  the 
coracoid  is  anchylosed  with  the  scapula, 
of  which  it  forms  a  mere  process.  The 
scapula  or  shoulder-blade  (fig.  225,  s)  is 
usually  placed  outside  the  ribs,  and  it 
forms,  either  alone  or  in  conjunction  with 
the  coracoidal  element  of  the  shoulder- 
girdle,  the  cavity  with  which  the  upper 
arm  is  articulated.  The  coracoid, 
though  rarely  existing  as  a  distinct 

bone  in  the  Mammals,  plays  a  very  important  part  in  other 
Vertebrates,  as  we  shall  see  hereafter.  The  clavicles  are  often 
wanting  or  rudimentary,  and  they  are  the  least  essential  ele- 
ments of  the  scapular  arch.  The  fore-limb  proper  consists, 
firsdy,  of  a  single  bone  which  forms  the  upper  arm  (or 
"  brachium  "),  and  which  is  known  as  the  humerus  {h).  This 
articulates  above  with  the  shoulder-girdle,  and  is  followed 
below  by  the  fore-arm  (or  "  antibrachium  "),  which  consists  of 
two  bones  called  the  radius  and  ttlna.  Of  these  the  radius  is 
chiefly  concerned  with  carrying  the  hand  (or  "  manus  ").  The 

2  E 


Fig.  225.— Pectoral  limb  (arm) 
of  Chimpanzee  (after  Owen). 
c  Clavicle  ;  s  Scapula  or 
shoulder-blade  ;  h  Humerus  ; 
r  Radius  ;  7^  Ulna  ;  d  Bones 
of  the  wrist,  or  carpus;  m 
Metacarpus  ;  /  Phalanges  of 
the  fingers. 
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radius  and  ulna  are  followed  by  the  bones  of  the  wrist,  which 
are  usually  composed  of  several  bones,  and  constitute  what  is 
called  the  carpus  {d).  These  support  the  bones  of  the  root  of 
the  hand,  which  vary  in  number,  but  are  always  more  or  less 
cylindrical  in  shape.  They  constitute  what  is  called  the  meta- 
carpus. The  bones  of  the  metacarpus  carry  the  digits,  which 
also  vary  in  number,  but  are  composed  each  of  from  two  to 
three  cylindrical  bones,  which  are  known  as  the  phalajiges  (/). 
Homologous  parts  are,  as  a  rule,  readibly  recognisable  in  the 
hind-limb.  The  pelvic  arch,  by  which  the  hind- 
limb  is  united  with  the  trunk,  consists  of  three 
pieces — the  ilium,  ischium,  and pubes — which  are 
usually  anchylosed  together,  and  form  conjointly 
what  is  known  as  the  innomi7iate  homing.  226,  /). 
In  most  Mammals,  the  two  innominate  bones 
unite  in  front  by  hgamentous  or  cartilaginous 
union,  and  they  constitute,  with  the  sacrum, 
what  is  known  as  the  pelvis.  The  hind-limb 
proper  consists  of  the  following  parts  : — i.  The 
thigh-bone  or  femur,  corresponding  with  the 
humerus  in  the  fore-limb.  2.  The  bones  of 
the  shank  (or  "  crus  "),  corresponding  with  the 
radius  and  ulna  of  the  fore-limb,  and  known  as 
the  tibia  and  fibula.  Of  these,  the  tibia  is 
mainly  or  altogether  concerned  in  carrying  the 
foot  (or  "pes"),  and  it  is  thus  shown  to  corre- 
spond to  the  radius,  whilst  the  fibula  corresponds 
to  the  ulna.  3.  The  small  bones  of  the  ankle, 
known  as  the  tarsus,  and  varying  in  number  in 
different  cases.  4.  A  variable  number  of  cylin- 
drical bones  (normally  five),  which  are  called 
the  metatarsus,  and  which  correspond  to  the 
metacarpus.  5.  Lastly,  the  metatarsus  carries 
the  digits,  which  consist  of  from  two  to  three 
small  bones  or  phalanges,  as  in  the  fore-limb. 

The  digestive  system  of  Vertebrates  will  be 
spoken  of  at  greater  length  hereafter;  but  a 
brief  sketch  may  be  given  here  of  the  general 
phenomena  of  digestion.  All  Vertebrate  ani- 
mals are  provided  with  a  mouth  for  the  recep- 
tion of  food,  and  in  the  great  majority  of  cases 
the  mouth  is  furnished  with  teeth,  which  are  used  sometniies 
merely  to  hold  the  prey,  but  more  commonly  to  cut  and  bruise 
the  food,  and  thus  render  it  capable  of  digestion.  The  food  is 
also  generally  subjected  in  the  mouth  to  the  action  of  '  saliv- 
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Fig.  226.  —  Pelvic 
limb  (hind -limb) 
of  Chimpanzee 
(after  Owen).  i 
Innominate  bone  ; 
f  Femur  or  thigh- 
bone ;  /  Tibia  ;  ^ 
Fibula  ;  >■  Tarsus  ; 
m  Metatarsus ;  / 
Phalanges  of  the 
toes. 
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ary"  glands,  the  secretion  of  which  serves  not  only  to  moisten 
the  food,  and  thus  mechanically  assist  deglutition,  but  also  to 
render  soluble  the  starchy  elements  of  the  food.  The  food  is 
next  swallowed,  or,  in  other  words,  is  transferred  from  the 
mouth  to  the  stomach,  this  being  effected  by  a  complicated 
arrangement  of  muscles,  whereby  the  food  is  forced  down  the 
gullet  ipisophagus)  to  the  proper  digestive  cavity  or  stomach. 
In  the  stomach  (fig.  227,  j-)  the  food  is  subjected  to  two  sets  of 
actions ;  it  is  mechanically  triturated 
and  ground  down  by  the  constant 
contractions  of  the  muscular  walls 
of  the  stomach ;  and  it  is  subjected 
to  the  chemical  action  of  a  special 
fluid  secreted  by  the  stomach,  and 
called  the  "gastric  juice."  This 
fluid  has  the  power  of  reducing 
albuminoid  substances  to  a  soluble 
form,  and  by  its  action  the  food  is 
ultimately  reduced  to  a  thick  acid 
fluid,  called  the  "chyme."  Leav- 
ing the  stomach  by  its  lower  aper- 
ture (the  pylonis),  the  chyme  passes 
into  the  intestine,  the  first  portion 
of  which  is  divided  into  several 
sections,  but  is  collectively  known 
as  the  "  small  intestine."  Here  the 
chyme  is  subjected  to  the  action  of 
three  other  digestive  fluids ;  the  dile, 
secreted  by  a  special  organ,  the 
liver ;  the  pancreatic  juice,  secreted 
by  another  gland,  the  pancreas ; 
and  the  intestinal  juice,  secreted  by 

certain  glands  situated  in  the  muc-  Fig.  227.-Diagram  of  the  digestive 

system  of  a  Mammal,  g  Gullet ; 
J  Stomach  ;  sm  Small  intestine ; 
bji  Large  intestine ;  r  Rectum, 
terminating  in  the  ■^^)erture  of  the 
anus. 


The  indigestible  portions 


ous  membrane  of  the  intestine  itself. 
The  result  of  the  whole  process  is 
that  the  "  chyme  "  is  ultimately 
converted  into  a  white,  alkaline, 

milky  fluid,  which  is  called  "  chyle."    

of  the  food  pass  from  the  small  intestine  into  a  tube  oV  larger 
dimensions,  called  the  "  large  intestine."  Such  portions  of  the 
food  as  are  still  soluble,  and  capable  of  being  employed  in 
nutrition,  are  here  taken  up  into  the  blood,  the  useless 
remainder  being  ultimately  expelled  by  an  anal  aperture.  The 
last  portion  of  the  large  intestine  is  usuallv  less  convoluted 
than  the  rest,  and  is  called  the  "rectum." 
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The  fluid  and  originally  soluble  portions  of  the  food,  and  the 
chyle  which  is  formed  in  the  process  of  digestion,  are  taken  into 
the  blood,  the  losses  of  which  they  serve  to  repair.  Part  of 
the  nutritive  materials  of  the  food  is  taken  up  directly  by  the 
blood-vessels,  and  is  conveyed  by  the  "vena  portae"  to  the 
liver,  whence  it  ultimately  reaches  the  great  veins  which  go  to 
the  heart.  The  greater  part,  however,  of  the  hquefied  food, 
constituting  the  chyle,  is  taken  up,  not  by  the  blood-vessels, 
but  by  a  special  set  of  tubes,  which  form  a  network  in  the 
walls  of  the  intestine,  and  are  known  as  the  "lacteals."  In 
these  vessels,  and  in  certain  glands  which  are  developed  upon 
them,  the  chyle  undergoes  still  further  elaboration,  and  is  made 
more  similar  in  composition  to  the  blood  itself.  All  the  lacteal 
vessels  ultimately  unite  into  one  or  more  large  vessels  which 
open  into  one  of  the  veins,  so  that  all  the  chyle  is  thus  finally 
added  to  the  mass  of  the  circulating  blood. 

The  bloody  then,  or  nutrient  fluid  from  which  the  tissues  are 
built  up,  is  formed  in  this  way  out  of  the  materials  which  are 
taken  into  the  alimentary  canal  as  food.  In  all  the  Vertebrata, 
with  the  single  exception  of  the  Lancelet  [Aniphioxus),  the 
blood  is  of  a  red  colour  when  viewed  in  mass.  This  is  due 
to  the  presence  in  it  of  an  incredible  number  of  microscopical 
bodies,  which  are  known  as  the  "  blood-corpuscles,"  the  fluid 
in  which  these  float  being  itself  colourless  (fig.  228). 

In  all  the  Vertebrata  the  blood  is  distributed  through  the 
body  by  means  of  a  system  of  closed  tubes,  which  constitute 


Fig.  228.— Blood-corpuscles  of  Vertebrata.    a  Red  blood-discs  of  man  ;  b  Blood- 
discs  of  Goose  ;  c  Crocodile  ;  d  Frog ;  e  Skate. 


the  "  blood-vessels  j "  and  in  all  except  the  Lancelet,  the  means 
of  propulsion  are  derived  from  a  contractile  muscular  cavity 
or  "heart,"  furnished  with  valvular  apertures.  In  the  most 
complete  form  of  circulation,  as  seen  in  Birds  and  Mammals, 
the  heart  is  essentially  a  double  organ,  composed  of  two 
halves,  each  of  which  consists  of  two  cavities,  an  auricle  and 
a  ventricle.  The  right  side  of  the  heart  is  wholly  concerned 
with  the  "lesser"  or  pulmonary  circulation,  whilst  the  left 
side  is  concerned  with  driving  the  blood  to  all  parts  of  the 
body  {systemic  circulation).  The  modifications  of  the  circula- 
tory process  will  be  noticed  in  speaking  of  the  different  classes 
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of  Vertebrates,  but  a  brief  sketch  may  be  given  here  of  the 
circulation,  in  its  most  complete  form,  as  in  a  Mammal  In 
such  a  case,  the  venous  or  impure  blood,  which  has  circulated 
through  the  body  and  has  parted  with  its  oxygen,  is  returned 
by  the  great  veins  to  the  right  auricle.  From  the  right  auricle 
(fig.  229,  a)  the  blood  passes  by  a  valvular  aperture  into  the 
right  ventricle  {v),  whence  it  is  driven 
through  the  pulmonary  artery  to  the 
lungs.  The  right  side  of  the  heart  is 
therefore  wholly  respiratory  in  its  func- 
tion. Having  been  submitted  to  the 
action  of  the  lungs,  and  having  given 
off  carbonic  acid  and  taken  up  oxygen, 
the  blood  now  becomes  arterial,  and 
is  returned  by  the  pulmonary  veins  to 
the  left  auricle  {a'),  From  the  left  aur- 
icle the  aerated  blood  passes  through 
a  valvular  aperture  into  the  left  ven- 
tricle {v'),  whence  it  is  propelled  to  all 
parts  of  the  body  by  means  of  a  great 
systemic  vessel,  the  "  aorta."  The  left 
side  of  the  heart  is  therefore  wholly 
occupied  in  carrying  out  the  "greater" 
or  systemic  circulation. 
.  The  purification  of  the  blood  is  car- 
ried out  in  all  Vertebrates  by  means  of 
distinct  respiratory  organs,  assisted  to 
a  greater  or  less  extent  by  the  skin. 
In  the  Fishes,  and  in  the  Amphibians 
to  some  extent,  the  process  of  respira- 
tion is  carried  on  by  means  of  branchice. 
or  gills  —  that  is,  by  organs  adapted 
for  breathing  air  dissolved  in  water. 
These  are  therefore  often  spoken  of  as 
"  Branchiate  "  Vertebrates  ;  but  the 
Amphibians  always  develop  true  lungs 
in  the  later  stages  of  their  existence. 
In  the,  Reptiles,  Birds,  and  Mammals,  branchiae  are  never 
developed,  and  the  respiration  is  always  carried  on  by  means 
of  true  lungs — that  is,  by  organs  adapted  for  breathing  air 
directly.  These  are  therefore  often  spoken  of  as  the  "Abran- 
chiate "  Vertebrates. 

The  waste  substances  of  the  body — of  which  the  most  im- 
portant are  water,  carbonic  acid,  and  urea — are  got  rid  of  by 
the  skin,  lungs,  and  kidneys.    Under  ordinary  circumstances, 


Fig.  22p. — Diagram  of  the  cir- 
culation of  a  Mammal.  The 
venous  system  is  marked 
black  ;  the  arterial  system  is 
left  white,  a  Right  auricle  ; 
•V  Right  ventricle  ;  j>  Pulmo- 
nary artery,  carrying  venous 
blood  to  the  lungs  ;  Pulmo- 
nary veins,  carrying  arterial 
blood  from  the  lungs  ;  a!  Left 
auricle  ;  v'  Left  ventricle  ;  b 
Aorta,  carrying  arterial  blood 
to  the  body ;  c  Vena  cava, 
carrying  venous  blood  to  the 
heart. 
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the  lungs  are  mainly  occupied  with  the  excretion  of  carbonic 
acid  and  watery  vapour.  The  skin  chiefly  gets  rid  of  super- 
fluous moisture,  but  can  also  in  many  animals  excrete  carbonic 
acid  as  well.  The  kidneys  are  present  in  almost  all  Vertebrate 
animals,  and  their  function  is  mainly  to  excrete  water,  and  the 
nitrogenous  substance  known  as  urea.  In  the  majority  of 
cases  the  fluid  excreted  by  the  kidneys  is  conveyed  to  the 
exterior  by  means  of  two  tubes  known  as  the  ureters,  which 
empty  themselves  into  a  common  receptacle,  the  urinary  blad- 
der. In  some  cases,  however,  the  ureters  open  into  the  ter- 
mination of  the  alimentary  canal  (rectum). 

The  nervous  system  of  Vertebrate  animals  usually  exhibits 
a  well-marked  division  into  two  parts — the  cerebro-spinal  sys- 
tem, and  the  sympathetic  system.  The  cerebro-spinal  system 
of  nerves  constitutes  the  great  mass  of  the  nervous  system  of 
Vertebrates,  and  usually  exhibits  a  well-marked  separation 
into  spinal  cord  {inyeloii)  and  l^rain  {encephaloii).  The  propor- 
tion borne  by  the  brain  to  the  spinal  cord  differs  much  in  dif- 
ferent cases ;  and  in  the  Lancelet  a  brain  can  hardly  be  said 
to  be  present  at  all.  As  already  said,  the  brain  and  spinal 
cord  are  always  completely  shut  off  from  the  visceral  cavity, 
and  they  are  placed  upon  the  dorsal  surface  of  the  body.  iThe 
nerves  given  off  from  the  cerebro-spinal  axis  are  symmetrically 
disposed  on  the  two  sides  of  the  body,  and  they  are  mainly 
concerned  with  the  functions  of  "  animal "  life — that  is  to  say, 
with  sensation  and  locomotion.  The  sympathetic  system  of 
nerves  is  unsymmetrically  disposed  to  a  greater  or  less  extent, 
and  presides  mainly  over  the  functions  of  "  organic"  or  "vege- 
tative "  life,  being  chiefly  concerned  with  regulating  the  func- 
tions of  digestion  and  respiration,  and  the  circulation  of  the 
blood.  In  its  most  fully  developed  form  it  consists  of  a  double 
gangliated  cord  placed  in  the  visceral  cavity  on  the  under  sur- 
face of  the  spine,  and  of  a  series  of  nervous  ganglia,  united  by 
nervous  cords,  and  scattered  chiefly  over  the  great  viscera  of 
the  thorax  and  abdomen. 

The  organs  of  the  senses  are  well  developed  in  the  Vejiebrata^ 
and  those  appropriated  to  the  senses  of  sight,  hcafi?}g,  smell, 
and  taste  are  protected  within  bony  cavities  of  the  head.  The 
perfection  of  the  senses  differs  much  in  different  cases,  but  they 
are  probably  never  wholly  wanting  in  any  Vertebrate  animal 
There  are  ca-ses  in  whicli  vision  must  be  of  the  most  rudimen- 
tary character ;  but  even  in  these  cases  it  is  probable  tliat  there 
is  a  perception  of  light,  even  if  there  is  no  power  of  distmguish- 
ing  objects.  The  only  cases  in  which  it  would  appear  that 
vision  is  really  altogether  absent,  are  those  of  animals  placed 
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under  the  wholly  abnormal  condition  of  spending  their  exist- 
ence in  darkness'  (such  as  the  Proteus  anguinus  of  the  caves  of 
Illyria).  Smell,  hearing,  and  taste  are  probably  rarely,  if  ever, 
altogether  absent  in  Vertebrates ;  though  in  many  cases  their 
organs  are  very  rudimentary.  Touch,  or  "  tactile  sensibility," 
is  usually  possessed  to  a  greater  or  less  degree  by  the  entire 
surface  of  the  body ;  but  the  sense  of  touch  is  generally  locahsed 
in  certain  particular  parts,  such  as  the  appendages  of  the  mouth, 
the  lips,  the  tongue,  or  the  digits. 

In  all  Ve7'tebrata  without  exception  reproduction  is  carried 
on  by  means  of  the  sexes,  and  in  all  the  sexes  are  in  different 
individuals.  No  vertebrate  animal  possesses  the  power  of 
reproducing  itself  by  fission  or  gemmation ;  and  in  no  case 
are  composite  organisms  or  colonies  produced.  Most  of  the 
Vertebrates  are  oviparous — that  is  to  say,  the  ova  are  expelled 
from  the  body  of  the  parent  either  before  or  very  shortly  after 
impregnation.  In  other  cases,  the  eggs  are  retained  within  the 
body  of  the  parent  until  the  young  are  hatched,  but  no  direct 
connection  is  formed  between  the  foetus  and  the  mother,  and 
in  these  cases  the  animals  are  said  to  be  ovo-viviparous.  In 
other  cases,  again,  not  only  is  the  egg  hatched  within  the 
parent,  but  the  embryo  is  retained  within  the  body  of  the 
mother,  from  whom  it  receives  nourishment  by  direct  vascular 
connection,  until  its  development  has  been  carried  out  to  a 
greater  or  less  extent ;  and  these  animals  are  said  to  be  vivi- 
parous. 

Many  vertebrate  animals  possess  an  exoskeleton,  formed  by 
a  hardening  of  one  or  other  layer  of  the  integument.  The 
integument  is  composed  of  two  layers — an  external  non-vascu- 
lar "epidermis,"  and  a  deeper  vascular  "dermis" — and  the 
exoskeleton  may  be  formed  by  the  deposition  of  horny  matter, 
or  of  salts  of  lime,  in  either  or  in  both  of  these.  The  epider- 
mal exoskeleton  is  always  horny,  and,  when  present,  is  gener- 
ally in  the  form  of  hairs  {Mammalia),  feathers  (Birds),  scales 
(serpents  and  many  lizards),  or  plates  (Chelonians).  The 
horny  sheaths  of  the  jaws  in  Birds  and  some  Reptiles,  the 
outer  covering  of  the  horns  in  some  Mammals,  the  hoofs, 
claws,  and  nails  of  Mammalia,  are  likewise  epidermic.  The 
dermal  exoskeleton  may  be  either  horny  or  bony ;  and  good 
examples  of  it  are  to  be  found  in  the  scales  of  fishes,  the  bony 
scutes  of  the  Crocodiles,  and  the  armour-plates  of  the  Arma- 
dillos. 

Divisions  of  the  Vertebrata. — The  sub-kingdom  Verte- 
hrata  is  divided  into  the  five  great  classes  of  the  Fishes 
(Pisces),  Amphibians  {Amphibia),  Reptiles  {Rcptilia),  Birds 
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(Aves),  and  Mammals  (Mamma/ia).    So  far  there  is  perfect 
unanimity ;  but  when  it  is  inquired  into  what  larger  sections 
the  Vertebrata  may  be  divided  there  is  much  difference  of. 
opinion.    Here,  the  divisions  proposed  by  Professor  Huxley; 
will  be  adopted ;  but  it  is  necessary  that  those  employed  by 
other  writers  should  be  mentioned  and  explained. 

One  of  the  commonest  methods  of  classifying  the  Fer^e- 
hrata  is  to  divide  them  into  the  two  primary  sections  of  the 
Branchiata  and  Abranchiata.  Of  these,  the  Branchiate  sec- 
tion includes  the  Fishes  and  Amphibians,  and  is  characterised 
by  the  fact  that  the  animal  is  always  provided  at  some  period 
of  its  life  with  branchiae  or  gills.  The  Abranchiate  section 
includes  the  Reptiles,  Birds,  and  Mammals,  and  is  character- 
ised by  the  fact  that  the  animal  is  never  provided  at  any  time 
of  its  life  with  gills.  Additional  characters  of  the  Branchiate 
Vertebrates  are,  that  the  embryo  is  not  furnished  with  the 
structures  known  as  the  anuiion  and  allantois.  Hence  the 
Branchiate  Vertebrates  are  often  spoken  of  as  the  Anamiiiota 
and  as  the  Anallantoidea.  In  the  Abranchiate  Vertebrates, 
on  the  other  hand,  the  embryo  is  always  provided  with  an 
amnion  and  allantois,  and  hence  this  section  is  spoken  of  as 
the  Amniota  or  as  the  Allajitoidea.'^ 

By  Professor  Owen  the  Ve?iebrata  are  divided  into  the  two 
primary  sections  of  the  Hcematocrya  and  the  Hcsmatotherma, 
the  characters  of  the  blood  being  taken  as  the  distinctive 
character.  The  Hcemaiocrya  or  Cold-blooded  Vertebrates 
comprise  the  Fishes,  Amphibia,  and  Reptiles,  and  are  charac- 
terised by  their  cold  blood  and  imperfect  circulation.  The 
Hamatotherma  or  Warm-blooded  Vertebrates  comprise  the 
Birds  and  the  Mammals,  and  are  characterised  by  their  hot 
blood,  four-chambered  heart,  and  complete  separation  of  the 
pulmonary  and  systemic  circulations.  The  chief  objection  to 
this  division  lies  in  the  separation  which  is  effected  between 

*  The  amnion  (fig.  222,  C)  is  a  membranous  sac,  containing  a  fluid — the 
liquor  amnii  —  and  completely  enveloping  the  embryo.  It  constitutes 
one  of  the  so-called  "foetal  membranes,"  and  is  thrown  off  at  birth.  The 
allantois  (fig.  222,  C)  is  an  embryonic  structure,  which  is  developed  out  ot 
the  middle  or  "vascular"  layer  of  the  germinal  membrane.  It  appears  at 
first  as  a  solid,  pear-shaped,  cellular  mass,  arising  from  the  under  piirt  of 
the  body  of  the  embryo.  In  the  process  of  development,  the  allantois  in- 
creases largely  in  size,  and  becomes  converted  into  a  vesicle  which  envelops 
the  embryo  in  part  or  wholly.  It  is  abundantly  supplied  witii  blood,  and 
is  the  organ  whereby  the  blood  of  the  foetus  is  aerated.  The  part  of  tlie 
allantois  which  is  external  to  the  body  of  the  embiyo  is  cast  off  at  birth  ; 
but  the  portion  which  is  within  the  body  is  retained,  and  is  converted  into 
the  urinary  bladder. 
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the  Reptiles  and  the  Birds,  two  classes  which  are  certainly 
very  nearly  aUied  to  one  another. 

By  Professor  Huxley  the  Vertehraia  are  divided  into  the 
following  three  primary  sections  : — 

I.  IcHTHYOPSiDA. — This  section  comprises  the  Fishes  and 
the  Amphibians,  and  is  characterised  by  the  presence  at  some 
period  of  life  of  gills  or  branchise,  the  absence  of  an  amnion, 
the  absence  or  rudimentary  condition  of  the  allantois,  and  the 
possession  of  nucleated  red  blood-corpuscles. 

II.  Sauropsida. — This  section  comprises  the  Birds  and  the 
Reptiles,  and  is  characterised  by  the  constant  absence  of  gills, 
the  possession  of  an  amnion  and  allantois,  the  articulation  of 
the  skull  with  the  vertebral  column  by  a  single  occipital  con- 
dyle ;  the  composition  of  each  ramus  of  the  lower  jaw  of  seve- 
ral pieces,  and  the  articulation  of  the  lower  jaw  with  the  skull 
by  the  intervention  of  an  "  os  quadratum ; "  and,  lastly,  the 
possession  of  nucleated  red  blood-corpuscles, 

.  III.  Mammalia. — This  section  includes  the  single  class  of 
the  Mammals,  and  agrees  with  the  preceding  in  never  possess- 
ing gills,  and  in  having  an  amnion  and  allantois.  The  Mam- 
malia, however,  differ  from  the  Saicropsida  in  the  fact  that  the 
skull  articulates  with  the  vertebral  column  by  two  occipital 
condyles ;  each  ramus  of  the  lower  jaw  is  simple,  composed  of 
a  single  piece,  and  the  lower  jaw  is  united  with  the  temporal 
(squamosal)  element  of  the  skull,  and  is  not  articulated  to  a 
quadrate  bone.  There  are  special  glands  —  the  mammary 
glands  —  for  the  nourishment  of  the  young  for  a  longer  or 
shorter  period  after  birth,  and  the  red  blood-corpuscles  are 
non-nucleated. 

LITERATURE. 

1.  "Comparative  Anatomy  and  Physiology  of  Vertebrates."  Owen. 

1866-68. 

2.  "  Manual  of  the  Anatomy  of  Vertebrated  Animals."    Huxley.  1872. 

3.  "  Principles  of  Com.parative  Physiology. "    W,  B.  Carpenter. 

4.  "  Forms  of  Animal  Life."    Rolleston.  1870. 

$.  "General  Outline  of  the  Organisation  of  the  Animal  Kingdom." 
Rymer  Jones.  1871. 

6.  "Handbook  of  Zoology."    Van  der  Hoeven.    Trans,  by  Dr  W. 

Clarke.  1856-58. 

7.  "Manual  of  Comparative  Anatomy."     Blumenbach.     Trans,  by 

Laurence.  1827. 

8.  "  Comparative  Anatomy  of  Vertebrate  Animals."    Wagner.  Trans 

by  Tulk.  1845. 

9.  "  Grundriss  der  Vergleichenden  Anatomie."    Gegenbaur.  1874. 

10.  "  Le  Regne  Animal  distribue  d'apres  son  organisation."  Cuvier. 

11.  "  Le9ons  d'anatomie  comparee."  Cuvier. 


442 


MANUAL  OF  ZOOLOGY. 


12. 


14. 


IS- 

16. 

17- 
18. 

19- 
20. 

2X. 

22. 

23- 
24. 

25. 
26. 
27. 
28. 
29. 
30. 

31- 
32. 
33- 


System  der  Vergleichenden  Anatomic."    Meckel.  1821-33. 
Le9ons  sur  la  physiologie  et  I'anatomie  comparee  de  I'homme  et 
desanimaux."    Milne-Edwards.  1857-72. 

Lectures  on  the  Elements  of  Comparative  Anatomy."     (On  the 
Classification  of  Animals  and  on  the  Vertebrate  Skull.)  Huxley 
1864. 

Discourse  on  the  Nature  of  Limbs."    Owen.  1849. 
On  the  Shoulder-Girdle  and  Sternum."    Parker.    'Ray  Society.' 
1868. 

Lectures  on  Histology."    Quekett.  1852-54. 
The  Microscope  and  its  Revelations."  Carpenter. 
How  to  work  with  the  Microscope."  Beale. 
Lehrbuch  der  Histologic  des  Menschen  und  der  Thiere."  Leydig. 
1857. 

Embryology,  with  the  Physiology  of  Generation. "  Miiller.  Trans, 
by  Baly.  1848. 

Elements  of  Embryology."    Foster  and  Balfour.  1876. 

The  Geographical  Distribution  of  Animals. "  Alfred  Wallace.  1876. 

Rccherches  sur  les  ossemens  fossiles."    Cuvier.  1834-36. 

Manual  of  Palzeontology. "    Owen.  1861. 

Traite  de  Paleontologie."    Pictet.  1853. 

Cours  elementaire  de  Paleontologie."    D'Orbigny.  1849. 

Manual  of  Palseontology."    Nicholson.  1872. 

Generelle  Morphologic  der  Organismen."    Haeckel.  1866. 

System  der  thierischen  Morphologic."    Victor  Cams.  1853. 

Entwickelungsgeschichte  der  Thiere."    Von  Baer.  1837. 

The  Morphology  of  the  Skull."    Parker  &  Bettany.  1877. 

Lessons  in  Elementary  Anatomy."    St  George  Mivart.  1873. 


443 


DIVISION  I.—ICHTHYOPSIDA, 


CHAPTER  LII. 


CLASS  I.— PISCES. 

The  first  class  of  the  Vertebrata  is  that  of  the  Fishes  {Pisces), 
which  may  be  broadly  defined  as  including  Vei'tebrate  animals 
which  are  provided  with  gills  throughout  the  whole  of  life;  the 
hea?^,  when  present,  consists  (except  in  Dipnoi)  of  a  single  auricle 
and  a  single  ventricle  ;  the  blood  is  cold ;  the  limbs,  when  present, 
are  in  the  form  of fins,  or  expansions  of  the  integument ;  and  there 
is  neither  an  amnion  nor  allantois  in  the  embryo,  unless  the  latter 
is  represe?ited  by  the  urinary  bladder. 

In  form,  Fishes  are  adapted  for  rapid  locomotion  in  water, 
the  shape  of  the  body  being  such  as  to  give  rise  to  the  least 
possible  friction  in  swimming. 
To  this  end  also,  as  well  as  for 
purposes  of  defence,  the  body 
is  usually  enveloped  with  a  coat- 
ing of  scales  developed  in  the 
inferior  or  dermal  layer  of  the 
skin ;  whereas  the  epidermis  is 
represented  only  by  the  slimy 
mucus  covering  the  exterior  of 
the  animal.  The  more  impor- 
tant modifications  in  the  form 
of  these  dermal  scales  are  as 
follows :  I.  Cycloid  scales  (fig. 
230,  a),  consisting  of  thin, 
flexible,  horny  or  bony  scales, 
circular  or  elliptical  in  shape, 
and  having  a  more  or  less  com- 
pletely smooth  outline.  These 
are  the  scales  which  are  charac- 
teristic of  the  most  of  the  ordinary  bony  fishes.  11.  Ctejioid 
scales  (fig.  230,  b),  also  consisting  of  thin  horny  plates,  but 


Fig.  230. — Scales  of  different  fishes,  a 
Cycloid  scale  (Pike) ;  b  Ctenoid  scale 
(Perch);  c  Placoid  scale  (Thornback); 
d  Placoid  scale  of  Rhitia ;  e  Ganoid 
scales  {P alaoniscns). 
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having  their  posterior  margins  fringed  with  spines,  or  cut  into 
comb-like  projections.  III.  Ganoid  scales,  composed  of  an 
inferior  layer  of  bone,  covered  by  a  superficial  layer  of  hard 
polished  enamel  (the  so-called  "ganoine").  These  scales 
(fig.  230,  e)  are  usually  much  larger  and  thicker  than  the 
ordinary  scales,  and  though  they  are  often  articulated  to  one 
another  by  special  processes,  they  only  rarely  overlap,  IV. 
Placoid  scales,  consisting  of  detached  bony  or  dentinal  grains, 
tubercles,  or  plates,  of  which  the  latter  are  not  uncommonly 
armed  with  spines  (fig.  230,  c  and  d). 

In  most  fishes  there  is  also  to  be  observed  a  line  of  peculiar 
scales,  forming  what  is  called  the  "  lateral  line."  Each  of  the 
scales  in  this  line  is  perforated  by  a  tube  leading  down  to  a 
longitudinal  canal  which  runs  along  the  side  of  the  body,  and 
is  connected  with  cavities  in  the  head.  The  function  of  this 
singular  system  has  been  ordinarily  believed  to  be  that  of 
secreting  the  mucus  with  which  the  surface  of  the  body  is  cov- 
ered ;  but  this  is  certainly  erroneous,  and  it  seems  to  be  more 
probably  sensory  in  function,  and  to  be  connected  with  the 
sense  of  touch. 

As  regards  their  true  osseous  system  or  endoskeleton,  Fishes 
vary  very  widely.  In  the  Lancelet  there  can  hardly  be  said  to 
be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  persists  throughout  life.  In 
others  the  skeleton  remains  permanently  cartilaginous ;  in 
others  it  is  partially  cartilaginous  and  partially  ossified ;  and, 
lastly,  in  most  modern  fishes  it  is  entirely  ossified,  or  converted 
into  bone.*  Taking  a  bony  fish  (fig.  231)  as  in  this  respect  a 
typical  example  of  the  class,  the  following  are  the  chief  points 
in  the  osteology  of  a  fish  which  require  notice  : — 

The  vertebral  column  in  a  bony  fish  consists  of  vertebras,  M'hich 
are  hollow  at  both  ends,  or  biconcave,  and  are  technically  said 
to  be  "  amphicoelous."  The  cup-like  margins  of  the  vertebral 
bodies  are  united  by  ligaments,  and  the  cavities  formed  between 
contiguous  vertebrae  are  filled  with  the  gelatinous  remains  of 
the  notochord.  This  elastic  gelatinous  substance  acts  as  a 
kind  of  ball-and-socket  joint  between  the  bodies  of  the  verte- 
brae, thus  giving  the  whole  spine  the  extreme  mobility  which  is 
requisite  for  animals  living  in  a  watery  medium.  The  ossifi- 
cation of  the  vertebras  is  often  much  more  imperfect  than  the 
above,  but  in  no  case  except  that  of  the  Bony  Pike  {Lcpidos- 
teus)  is  ossification  carried  to  a  greater  extent  than  this.  In 

*  The  so-called  "  bone  "  of  the  skeleton  of  Fishes  is  only  occasionally 
true  osseous  tissue.  In  a  great  many  instances  it  is  a  homogeneous  or  tubu- 
lar, bone-like  substance,  or  it  may  resemble  genuine  dentine. 
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this  fish,  however,  the  vertebral  column  is  composed  of  "  opis- 
thoccelous  "  vertebra— that  is,  of  vertebras,  the  bodies  of  which 
are  concave  behind  and  convex  in  front.  The  entire  spinal 
column  is  divisible  into  not  more  than  two  distinct  regions,  an 
abdominal  and  a  caiLdal  region.  The  abdominal  vertebrae  pos- 
sess a  superior  or  neural  arch  (through  which  passes  the  spinal 
cord),  a  superior  spinous  process  (neural  spine),  and  two  trans- 
verse processes  to  which  the  ribs  are  usually  attached.  The 
caudal  vertebrae  (fig.  231)  have  no  marked  transverse  processes ; 


Fig.  231. — Skeleton  of  the  common  Perch  {Perca  fliiviatilis).  /  One  of  the  pectoral 
fins  ;  V  One  of  the  ventral  fins  ;  a  Anal  fin,  supported  upon  interspinous  bones  (/)  ;  c 
Caudal  fin ;  d  First  dorsal  fin  ;  d!  Second  dorsal  fin,  both  supported  upon  interspinous 
bones  ;  i  i  Interspinous  bones  ;  r  Ribs  ;  ^  Spinous  processes  of  vertebrae ;  h  Haemal 
processes  of  vertebrae. 


but,  in  addition  to  the  neural  arches  and  spines,  they  give  off 
an  inferior  or  hcB77ial  arch  below  the  body  of  the  vertebrae,  and 
the  haemal  arches  carry  inferior  spinous  processes  (haemal 
spines). 

The  ribs  of  a  bony  fish  are  attached  to  the  transverse  pro- 
cesses, or  to  the  bodies  of  the  abdominal  vertebrae,  in  the  form 
of  slender  curved  bones  which  articulate  with  no  more  than 
one  vertebra  each,  and  that  only  at  a  single  point.  Unlike  the 
ribs  of  the  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
cavity,  but  are  simply  embedded  in  the  muscles  which  bound 
the  abdomen.  Usually  each  rib  gives  off  a  spine-like  bone, 
which  is  directed  backwards  amongst  the  muscles.  Inferiorly 
the  extremities  of  the  ribs  are  free,  or  are  rarely  united  to  der- 
.'mal  ossifications'  in  the  middle  line  of  the  abdomen  ;  but  there 
is  never  any  breast-bone  or  sternum  properly  so  called. 

The  only  remaining  bones  connected  with  the  skeleton  of 
the  trunk  are  the  so-called  interspinous  bones  (fig,  231,  i  /). 
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These  form  a  series  of  dagger-shaped  bones,  plunged  in  the 
middle  line  of  the  body  between  the  great  lateral  muscles 
which  make  up  the  greater  part  of  the  body  of  a  fish.  The 
internal  ends  or  points  of  the  interspinous  bones  are  attached 
by  ligament  to  the  spinous  processes  of  the  vertebrae ;  whilst 
to  their  outer  ends  are  articulated  the  "  rays  "  of  the  so-called 
"  median  "  fins,  which  will  be  hereafter  described.  As  a  rule, 
there  is  only  one  interspinous  bone  to  each  spinous  process, 
but  in  the  Flat-fishes  (Sole,  Turbot,  &c.)  there  are  two. 

Besides  the  fins  which  represent  the  limbs  (pectoral  and 
ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  bony  spines 
or  "  rays,"  which  are  of  two  kinds,  termed  respectively  "  spinous 
rays  "  and  "  soft  rays."  The  "  spinous  rays"  are  simple  bony 
spines,  apparently  composed  of  a  single  piece  each,  but  really 
consisting  of  two  halves  firmly  united  along  the  middle  line. 
The  "  soft  rays  "  are  composed  of  several  slender  spines  pro- 
ceeding from  a  common  base,  and  all  divided  transversely  into 
numerous  short  pieces.  The  soft  rays  occur  in  many  fishes  in 
different  fins,  but  they  are  invariably  found  in  the  caudal  fin  or 
tail  (fig.  231,  ^r).  The  rays  of  the  median  fins,  whatever  their 
character  may  be,  always  articulate  by  a  hinge-joint  with  the 
heads  of  the  interspinous  bones. 

The  skull  of  the  bony  fishes  is  an  extremely  complicated 
structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  The  only  portions  of  the  skull  which  require  special 
mention  are  the  bones  which  form  the  gill-cover  or  operculum, 
and  the  hyoid  bone  with  its  appendages.  For  reasons  con- 
nected with  the  respiratory  process  in  fishes,  as  will  be  after- 
wards seen,  there  generally  exists  between  the  head  and  the 
scapular  arch  a  great  cavity  or  gap  on  each  side,  within  which 
are  contained  the  branchiae.  The  cavity  thus  formed  opens 
externally  on  each  side  of  the  neck  by  a  single  vertical  fissure 
or  ''gill-slit,"  closed  by  a  broad  flap,  called  the  "gill-cover"  or 
"operculum,"  and  by  a  membrane  termed  the  " branchiostegal 
membrane." 

The  gill-cover  (fig.  232,  /,  0,  s,  7)  is  composed  of  a  chain  of  broad  fla 
bones,  termed  the  opercular  bones.  Of  these,  the  innermost  articulates  wit^^ 
the  skull  (tympano-mandibular  arch),  and  is  called  the  "  pr^-operculum  ; 
the  next  is  a  large  bone  called  the  "  operculum"  proper;  and  the  remain- 
ing two  bones,  called  respectively  the  "  sub-operculum  "  and  "  inter-oper- 
culum,"  form,  with  the  operculum  proper,  the  edge  of  the  gill-cover. 
These  various  bones  are  united  together  by  membrane,  and  they  form  col- 
lectively a  kind  of  movable  door,  bv  means  of  which  tlie  branchial  cli.im- 
ber  can  be  alternately  opened  and  shut.  Besides  the  gill-cover,  however, 
the  branchial  chamber  is  closed  by  a  membrane  called  the  "  branchiosleg-' 
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membrane,"  which  is  attached  to  the  os  hyoides.  The  membrane  is 
supported  and  spread  out  by  a  number  of  slender  curved  spmes,  which 
are  attached  to  the  lateral  branches  of  the  hyoid  bone  act  very  much 
as  the  ribs  of  an  umbrella,  and  are  known  as  the  "  branchiostegal  rays 

^'^The^hyofd  arch  of  fishes  is  attached  to  the  temporal  bones  of  the  skull 


Fig.  232. — Skull  of  Cod  {Morrhua  vulgaris)— Cnvi^r.  a  Urohyal ;  b  Basihyal ;  c 
Ceratohyal ;  d  Branchiostegal  rays  ;  /  Prae-operculum  ;  o  Operculum  proper ;  j  Sub- 
operculum  ;  z  Inter-operculum  ;  }M  Mandible  ;  7i  Inter-maxillary  bone. 

by  means  of  two  slender  styliform  bones,  which  correspond  to  the  styloid 
processes  of  man,  and  are  called  the  "  stylohyal  "  bones  (fig.  233,/).  The 
rest  of  the  hyoid  arch  is  composed  of  a  central  portion  and  two  lateral 
branches.  Each  branch  is  composed  of  the  following  parts  :  i.  A  tri- 
angular bone  attached  above  to  the  stylohyal,  and  termed  the  "  epihyal 
bone"  (fig.  233,  e)  ;  2.  A  much  longer  bone,  known  as  the  "  ceratohyal" 
(d).  The  central  portion  of  the  hyoid  arch  is  made  up  of  two  small  poly- 
hedral bones — the  "basihyals"  (b).  From  the  basihyal  there  extends 
fonvards  in  many  fishes  a  slender  bone,  which  supports  the  tongue,  and  is 
termed  the  "glossohyal"  or  "lingual"  (a).  There  is  also  another  com- 
pressed bone  which  extends  backwards  from  the  basihyals,  and  which  is 
known  as  the  "urohyal  bone"  {c).  This  last-mentioned  Isone  is  of  im- 
portance, as  it  often  extends  backwards  to  the  point  of  union  of  the  cora- 
coid  bones,  and  thus  forms  the  isthmus  which  separates  the  two  branchial 
apertures. 

From  the  outer  margins  of  the  epihyal  and  ceratohyal  bones  on  each  side 
arise  the  slender  curved  "branchiostegal  rays,"  which  have  been  previously 
mentioned.  There  are  usually  seven  of  these  on  each  side.  Above  the 
urohyal,  and  attached  in  front  to  the  body  of  the  os  hyoides,  is  a  chain  of 
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bones,  placed  one  behind  the  other,  and  termed  by  Owen  the  "  basibran- 
chial  bones."  Springing  from  these  are  four  bony  arches— the  "branchial 
arches  —which  proceed  upwards  to  be  connected  sui)eriorly  by  ligamem 
with  the  under  surface  of  the  skull.  The  branchial  arches— as  will  be  sub- 
sequently described— carry  the  branchiae,  and  each  is  composed  of  two 
mam  pieces,  termed  respectively  the  "  cerato  -  branchial"  and  "epi- 


Fig.  233. — Os  hyoides,  branchiostegal  rays,  and  scapular  arch  of  the  Perch  (after 
Cuvier).        Supra-scapula  ;  j  Scapula  ;  co  Coracoid  ;  cl  Supposed  representative  of 
the  clavicle  ;  a  Glossohyal  bone  ;  b  Basihyal ;  c  Urohyal  ;  d  Ceratohyal ;  e  Epihyal ; 
y  Stylohyal ;  br  Branchial  arches  ;  t  Branchiostegal  rays. 


branchial  "  bones.  The  second  and  third  arches  are  connected  wnth  the 
skull  by  the  intervention  of  two  small  bones,  often  called  the  "superior 
pharyngeal  bones,"  but  termed  by  Owen  the  "  pharyngo  -  branchial " 
iiones. 

The  H7?ibs  of  fishes  depart  considerably  fi-om  the  typical  form 
exhibited  in  the  higher  Vertebrates.  One  or  both  pairs  of 
limbs  may  be  wanting,  but  when  present  the  limbs  are  almost 
always  in  the  form  oifins — that  is,  of  expansions  of  the  integu- 
ment strengthened  by  bony  or.  cartilaginous  fin -rays.  The 
anterior  limbs  are  known  as  the  pectoral  fins,  and  the  posterior 
as  the  ventral  fins  ;  and  they  are  at  once  distinguished  from  the 
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so-called  "median"  fins  by  being  always  disposed  in  pairs, 
usually  symmetrically.    Hence  they  are  often  spoken  of  as  the 
aired  fins. 

The  scapular  arch  (figs.  233,  234)  supporting  the  pectoral  limbs  is  usually 
joined  to  the  skull  (occipital  bone),  and  consists  of  the  following  pieces  on 


Fig.  234. — Pectoral  limbs  of  Fishes  (after  Owen).  A,  Cod  {Morrhua  vidgaris)  :  B, 
Angler  (Lophms).  Ji-  Supra-scapula  ;  j  Scapula  ;  co  Coracoid  ;  r  Radius  ;  u  Ulna  ; 
cc  Carpal  bones ;  f  Fin-rays,  representing  the  metacarpus  and  phalanges  of  the 
fingers. 

each  side  :  I.  The  supra-scapula  {ss)  ;  2.  The  scapula  articulating 
■with  the  former  ;  and,  3.  The  coracoid  {co),  attached  above  with  the 
scapula,  and  united  below,  by  ligament  or  suture,  with  the  coracoid  of  the 
opposite  side,  thus  completing  the  pectoral  arch.  Lastly,  there  is  often 
another  bone,  sometimes  single,  but  oftener  of  two  pieces,  attached  to  the 
upper  end  of  the  coracoid,  and  this  is  believed  to  represent  the  collar-bone 
or  clavicle.  * 


*  These  are  the  views  entertained  by  Owen  as  to  the  composition  and 
nature  of  the  pectoral  arch  of  fishes  ;  but  they  are  dissented  from  by  Mr 
Parker,  one  of  the  greatest  living  authorities  on  this  subject. 
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The  fore -limb  possesses  in  a  modified  form  most  of  the 
bones  which  are  present  in  the  higher  Vertebrata.  The 
humerus,  or  bone  of  the  upper  arm,  is  usually  wanting,  or  it  is 
altogether  rudimentary.  A  radius  and  ulna  (fig.  234,  r,  ti)  are 
usually  present,  and  are  followed  by  a  variable  number  of 
bones,  which  represent  the  carpus,  and  some  of  which  some- 
times articulate  directly  with  the  coracoid.  The  carpus  is  fol- 
lowed by  the  "  rays  "  of  the  fin  proper,  these  representing  the 
metacarpal  bones  and  phalanges.  The  pectoral  fins  vary  much 
in  size  and  in  other  characters.  In  the  Flying  Gurnard  {Dac- 
tylopterus),  and  the  true  Flying  Fish  [Exoccstus),  the  pectorals 
are  enormously  developed,  and  enable  the  fish  to  take  exten- 
sive leaps  out  of  the  water. 

The  hind-limbs  or  "  ventral  fins  "  are  wanting  in  many  fishes, 
and  they  are  less  developed  and  less  fixed  in  position  than  are 
the  pectoral  fins.  In  the  ventral  fins  no  representatives  of  the 
tarsus,  tibia  and  fibula,  or  femur,  are  ever  developed.  The 
rays  of  the  ventral  fins — representing  the  metatarsus  and  the 
phalanges  of  the  toes — unite  directly  with  a  pelvic  arch,  which 
is  composed  of  two  sub-triangular  bones,  united  in  the  middle 
line  and  believed  to  represent  the  ischia.  The  imperfect  pelvic 
arch,  thus  constituted,  is  never  united  to  the  vertebral  column 
in  any  fish.  In  those  fishes  in  which  the  ventral  fins  are 
"  abdominal  "  in  position  {i.e.,  placed  near  the  hinder  end  of 
the  body)  the  pelvic  arch  is  suspended  freely  amongst  the 
muscles.  In  those  in  which  the  ventral  fins  are  "  thoracic  "  or 
"jugular"  {i.e.,  placed  beneath  the  pectoral  fins,  or  on  the 
sides  of  the  neck),  the  pelvic  arch  is  attached  to  the  coracoid 
bones  of  the  scapular  arch,  and  is  therefore  wholly  removed, 
from  its  proper  vertebra. 

In  addition  to  the  pectoral  and  ventral  fins — the  homologues 
of  the  limbs — which  may  be  wanting,  fishes  are  furnished  with 
certain  other  expansions  of  the  integument,  which  are  "me- 
dian" in  position,  and  must  on  no  account  be  confounded 
with  the  true  "paired"  fins.  These  median  fins  are  variable 
in  number,  and  in  some  cases  there  is  but  a  single  fringe  run- 
ning round  the  posterior  extremity  of  the  body.  In  all  cases, 
however,  the  median  fins  are  "  azygous  "—that  is  to  say,_  they 
occupy  the  middle  line  of  the  body,  and  are  not  symmetrically 
disposed  in  pairs.  Most  commonly,  the  median  fins  consist 
of  one  or  two  expansions  of  the  dorsal  integument,  called  the 
"dorsal  fins"  (fig.  235,  d,  d);  one  or  two  on  the  ventral  sur- 
face near  the  anus— the  "anal  fins  "  (fig.  235,  o) ;  and  a  broad 
fin  at  the  extremity  of  the  vertebral  column,  called  the  "  caudal 
fin  "  or  tail  {c).    In  all  cases,  the  rays  which  support  the  me- 
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dian  fins  are  articulated  with  the  so-called  interspinoiis  bones, 
which  have  been  previously  described.    Though  called  "  me-. 
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Fig.  235.— Outline  of  a  fish  {Perca grannlaia),  showing  the  paired  and  unpaired  fins. 
/  One  of  the  pectoral  fins  ;  v  One  of  the  ventral  fins  ;  d  First  dorsal  fin  ;  d'  Second 
dorsal  fin ;  a  Anal  fin  ;  c  Caudal  fin. 

!  dian,"  from  their  position  in  the  middle  line  of  the  body,  and 
from  their  being  unpaired,  the  median  fins  of  fishes,  as  shown 
by  Goodsir  and  Humphry,  are  truly  to  be  regarded  as  formed 
by  the  coalescence  of  two  lateral  elements  in  the  mesial  plane 
of  the  body. 

The  caudal  fin,  or  tail,  of  fishes  is  always  set  vertically  at  the 
extremity  of  the  spine,  so  as  to  work  from  side  to  side,  and  it 
13  the  chief  organ  of  progression  in  the  fishes.  In  its  vertical 
position,  and  in  the  possession  of  fin-rays,  it  differs  altogether 
li'om  the  horizontal  integumentary  expansion  which  constitutes 
the  tail  of  the  Whales,  Dolphins,  and  Sireiiia  (Dugong  and 
Manatee).  In  the  form  of  the  tail,  fishes  exhibit  some  striking 
differences.  In  some  of  the  Bony  Fishes  and  Ganoids,  the 
caudal  extremity  of  the  spine  is  not  bent  upwards,  but  divides 
the  caudal  fin-rays  into  two  nearly  equal  portions,  and  the 
symmetrical  tail-fin  thus  produced  is  said  to  be  "  diphycercal." 
In  the  great  majority  of  the  Bony  Fishes  the  tail-fin  appears 
on  inspection  to  be  divided  into  two  equal  lobes,  and  it  is 
then  said  to  be  "homocercal"  (fig.  236,  A).  This  apparent- 
symmetry  is  due  to  the  fact  that  the  spinal  column  seems  to 
terminate  in  the  centre  of  a  triangular  bony  mass,  to  the  free 
edges  of  which  the  fin-rays  are  symmetrically  attached.  In 
reality,  however,  the  notochord  is  prolonged  into  the  upper 
lobe  of  the  tail ;  and  as  there  is  a  much  larger  number  of  fin- 
_rays  below  the  bent-up  notochord  than  above  it,  the  tail  is 
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truly  unsymmetrical  in  its  fundamental  structure.  Lastly,  in 
the  Elasjnobranchii,  and  most  Ganoids,  the  tail  is  conspicu- 
ously unsymmetrical  (fig.  236,  B),  and  is  then  said  to  be 


Fig.  236. — A,  Sword-fish,  showing  homocercal  tail ;  B,  Sturgeon,  showing  the 
heterocercal  form  of  tail. 


"  heterocercal."  In  these  cases,  the  lower  lobe  of  the  tail  is 
conspicuously  larger  than  the  upper,  owing  to  the  dispropor- 
tionate development  of  the  haemal  spines,  and  the  spinal 
column  is  prolonged  into  the  upper  lobe  of  the  tail. 

The  process  of  7'espiratio7i  in  all  fishes  is  essentially  aquatic, 
and  is  carried  on  by  means  of  branchial  plates  or  tufts  devel- 
oped upon  the  posterior  visceral  arches,  which  are  persistent, 
and  do  not  disappear  at  the  close  of  embryonic  life,  as  they  do 
in  other  Vertebrates.  In  the  Lancelet  alone,  respiration  is 
effected  partly  by  branchial  filaments  placed  round  the  com- 
mencement of  the  pharynx,  and  partly  by  the  pharynx  itself, 
which  is  greatly  enlarged,  and  has  its  walls  perforated  by  a 
series  of  transverse  ciliated  fissures.  The  arrangement  and 
structure  of  the  branchiae  differ  a  good  deal  in  the  difterent 
orders  of  fishes,  and  these  modifications  will  be  noticed  sub- 
sequently. In  the  meanwhile  it  will  be  suflficient  to  give  a 
brief  description  of  the  branchial  apparatus  in  one  of  the  bony 
fishes.  In  such  a  fish,  the  branchiae  are  connected  with  the 
hyoid  arch,  and  are  situated  in  two  special  chambers,  situated 
one  on  each  side  of  the  neck.  The  branchiae  are  carried  upon 
the  outer  convex  sides  of  what  have  been  already  described  as 
the  " branchial  arches"  (figs.  233  and  237);  that  is  to  say, 
upon  a  series  of  bony  arches  which  are  connected  with  the 
hyoid  arch  inferiorly,  and  are  united  above  with  the  base  of 
the  skull.  The  internal  concave  sides  of  the  branchial  arches 
are  usually  furnished  with  a  series  of  processes,  constituting  a 
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kind  of  fringe,  the  function  of  which  is  to  prevent  foreign 
substances  finding  their  way  amongst  the  branchiae,  and  thus 


b 


Fig.  237.— Gills  and  heart  of  the  Perch  exposed  by  the  removal  of  the  gill-cover  on 
the  left  side,  a  First  of  the  four  bony  arches  which  carry  the  gills  {b  b) ;  b'  The 
lower  edges  of  the  gills  on  the  right  side  ;  k  Heart  (after  Van  der  Hoeven). 

interfering  with  the  proper  action  of  the  respiratory  organs. 
The  branchiae,  themselves,  usuahy  have  the  form  of  a  double 
series  of  cartilaginous  leaflets  or  laminae.  The  branchial  la- 
minae are  flat,  elongated,  and  pointed  in  shape,  and  they  are 
covered  with  a  highly  vascular  mucous  membrane,  in  which 
the  branchial  capillaries  ramify.  The  blood  circulates  through 
the  branchial  laminae,  and  is  here  subjected  to  the  action  of 
aerated  water,  whereby  it  is  oxygenated.  The  water  is  con- 
stantly taken  in  at  the  mouth  by  a  movement  analogous  to 
swallowing,  and  it  gains  admission  to  the  branchial  chambers 
by  means  of  a  series  of  clefts  or  slits,  the  "  branchial  fissures," 
which  are  situated  on  both  sides  of  the  pharynx.  Having 
passed  over  the  gills,  the  deoxygenated  water  makes  its  escape 
posteriorly  by  an  aperture  called  the  "gill-slit"  or  "opercular 
aperture,"  one  of  which  is  situated  on  each  side  of  the  neck. 
As  we  have  seen  before,  the  gill-slit  is  closed  in  front  by  a 
chain  of  flat  bones  collectively  constituting  the  gill-cover,"  or 
"  operculum  ; "  and  the  gill-covers  are  finally  completed  by  a 
variable  number  of  bony  spines — the  "  branchiostegal  rays  " — 
which  articulate  with  the  hyoid  arch,  and  support  a  membrane 
— the  "  branchiostegal  membrane." 

The  heart  of  fishes  is,  properly  speaking,  a  branchial  or 
respiratory  heart.  It  consists  of  two  cavities,  an  auricle  and  a 
ventricle  (fig.  238,  a,  v),  and  the  course  of  the  circulation  is  as 
follows  :  The  venous  blood  derived  from  the  liver  and  from 
the  body  generally  is  poured  by  the  vena  cava  into  the  auricle 
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(a),  and  from  this  it  is  propelled  into  the  ventricle  (v).  From 
the  ventricle  arises  a  single  aortic  arch  (the  right),  and  the 

base  of  this  is  usually  dilated  into  a 
cavity  or  sinus,  called  the  "bulbus 
arteriosus"  (m).  The  arterial  bulb 
is  sometimes  covered  with  a  special 
coat  of  striated  muscular  fibres,  and 
is  provided  with  several  transverse 
rows  of  valves.  In  these  cases,  the 
b.ulbus  acts  as  a  kind  of  continua- 
tion of  the  ventricle,  being  capable  of 
rhythmical  contractions.  The  blood 
is  driven  by  the  ventricle  through  the 
branchial  artery  (n)  to  the  gills, 
through  which  it  is  distributed  b}- 
means  of  the  branchial  vessels,  the 
number  of  which  varies  (there  are 
f/iree  on  each  side  in  a  few  fishes, 
/our  in  most  of  the  bony  fishes, yfer 
in  the  Skates  and  Sharks,  and  six  or 
seven  in  the  Lampreys).  The  aerated 
blood  which  has  passed  through  the 
gills  is  not  returned  to  the  heart,  but 
is  driven  from  the  branchise  through 
all  parts  of  the  body ;  the  propulsive 
force  necessary  for  this  being  derived 
chiefly  from  the  heart,  assisted  by 


Fig.  238.  —  Diagram  of  the  cir- 

reJSg' Vno'us'- broof  t'^  the   coutractious  of  the  voluntary 

^  the  body  ;   y    Ventricle  ;    m  muSCleS.      In  SOmC  fisheS  (aS  iu  the 
Bulbus  arteriosus,  at  the  base  .  -    ,       ,  ,      j  . 

of  the    branchial    artery  ;    n  Lcl)  the  retum  of  the  blood  tO  the 

Branchial  artery  carryins;  the  J-^g^^j-j.  jg  aSsistcd  by  a  rhythmicallv 
venous  blood  to  the  gills  (1*     ;  .  ■'       .     (  , 

c  Aorta,  carrying  the  arterial-  COlltraCtllC    dilatation  01    the  Caudal 

ised^biood  to  all  parts  of  the  ^^j^^^    ^j^^  esscutial  peculiarity,  then, 

of  the  circulation  of  fishes  depends 
upon  this — that  the  arterialised  blood  returned  from  the  gills 
is  propelled  through  the  systemic  vessels  of  the  body,  without 
being  sent  back  to  the  heart. 

The  Lancelet  {Amphioxus),  alone  of  all  fishes,  has  no 
special  heart,  and  the  circulation  is  effected  by  contractile 
dilatations  developed  upon  several  of  the  blood-vessels.  In 
the  Mud-fish  {Lepidosiren)  the  heart  consists  of  hvo  auricles 
and  a  single  ventricle.  The  blood-corpuscles  of  fishes  are 
nucleated  (fig.  228,  e\  and  the  blood  is  red  in  all  except  the 
Amphioxus,  , 
:  As  regards  the  digestive  system  of  fishes  there  is  not  much  ot 
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peculiar  importance.  The  mouth  is  usually  furnished  with  a 
complicated  series  of  teeth,  which,  in  the  Bony  Fishes,  are  not 
only  developed  upon  the  jaws  proper,  but  are  also  situated 
upon  other  bones  which  enter  into  the  composition  of  the 
buccal  cavity  (such  as  the  palate,  the  pterygoids,  vomer, 
branchial  arches,  the  glossohyal  bone,  &c.)  The  oesophagus 
is  usually  short  and  capacious,  and  generally  opens  into  a 
large  and  well-marked  stomach.  The  pyloric  aperture  of  the 
stomach  is  usually  furnished  with  a  valve,  and  behind  it  there 
is  usually  a  number  (from  one  to  sixty)  of  blind  appendages, 
termed  the  "pyloric  caeca."  These  are  believed  to  represent 
the  pancreas,  but  there  may  be  a  recognisable  pancreas  either 
alone  or  in  addition  to  the  pyloric  caeca.  The  intestinal  canal 
is  a  longer  or  shorter,  more  or  less  convoluted  tube,  the  ab- 
sorbing surface  of  which,  in  certain  fishes,  is  largely  increased 
by  a  spiral  reduplicature  of  the  mucous  membrane,  which 
winds  like  a  screw  in  close  turns  from  the  pylorus  to  the  anus. 
The  liver  is  usually  large,  soft,  and  oily,  and  a  gall-bladder  is 
almost  universally  present ;  but  in  the  Amphioxus  the  liver  is 
doubtfully  represented  by  a  hollow  sac-like  organ. 

The  kidneys  of  fishes  are  usually  of  great  size,  and  form  two 
elongated  organs,  Avhich  are  situated  beneath  the  spine,  and 
extend  along  the  whole  length  of  the  abdominal  cavity.  The 
ureters  often  dilate,  and  form  a  species  of  bladder,  the  doubt- 
ful representative  of  the  allantois. 

Whilst  the  respiration  of  all  fishes  is  truly  aquatic,  most  of 
them  are,  nevertheless,  furnished  with  an  organ  which  has 
been  generally  believed  to  be  the  homologue  of  the  lungs  of 
the  air-breathing  Vertebrates.'  This — the  "air"  or  "swim 
bladder" — is  a  sac  containing  gas,  situated  beneath  the  ali- 
mentary tube,  and  often  communicating  with  the  gullet  by  a 
duct.  In  the  great  majority  of  fishes  the  functions  of  the  air- 
bladder  are  certainly  hydrostatic — that  is  to  say,  it  serves  to 
maintain  the  necessary  accordance  between  the  specific  gi-avity 
of  the  fish  and  that  of  the  surrounding  water.  In  the  singular 
Mud-fishes,  however,  it  acts  as  a  respiratory  organ,  and  is 
therefore  not  only  the  homologue,  but  also  the  analogue,  of 
the  lungs  of  the  higher  Vertebrates.  In  most  fishes  the  air- 
bladder  is  an  elongated  sac  with  a  single  cavity,  but  in  many 
cases  it  is  variously  subdivided  by  septa.  In  the  Mud-fish  the 
air-bladder  is  composed  of  two  sacs,  completely  separate  from 
one  another,  and  divided  into  a  number  of  cellular  compart- 
ments. The  duct  {ductus  pneumaticus)  leading  in  many  fishes 
from  the  air-bladder,  and  opening  into  the  oesophagus,  is  the 
homologue  of  the  windpipe  {trachea).    The  air  contained  in 
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the  swim-bladder  is  composed  mainly  of  nitrogen  in  most 
fresh-water  fishes,  but  in  the  sea-fishes  it  is  mainly  made  up  of 
oxygen.  The  fishes  which  live  habitually  at  the  bottom  of 
the  sea,  such  as  the  Flat-fishes,  possess  no  swim-bladder,  and 
it  is  much  reduced  in  size  in  those  which  live  principally  at 
the  surface. 

The  nervous  system  of  fishes  is  of  an  inferior  type  of  organi- 
sation, the  brain  being  of  small  size,  and  consisting  mainly  of 
ganglia  devoted  to  the  special  senses.  As  regards  the  special 
senses,  there  is  one  peculiarity  which  deserves  particular 
notice,  and  this  is  the  conformation  of  the  nasal  sacs.  The 
cavity  of  the  nose  is  usually  double,  and  is  lined  by  an  olfac- 
tory membrane,  folded  so  as  to  form  numerous  plicae.  An- 
teriorly, the  water  is  admitted  into  the  nasal  sacs  by  a  single 
or  double  nostril,  usually  by  two  apertures ;  but  posteriorly 
the  nasal  sacs  are  closed,  and  do  not  communicate  with  the 
pharynx  by  any  aperture.  The  only  exceptions  to  this  state- 
ment are  to  be  found  in  the  Myxinoids  and  in  the  Lepidosiren. 
The  essential  portion  of  the  organ  of  hearing  {labyrinth)  is 
present  in  almost  all  fishes,  but  in  none  is  there  any  direct 
communication  between  the  ear  and  the  external  medium. 
In  some  cases,  however,  there  is  a  communication  between 
the  ear  and  the  swim-bladder,  thus  foreshadowing  the  Eusta- 
chian tube  in  man. 

As  regards  their  reproductive  system,  fishes  are,  for  the  most 
part,  truly  oviparous,  the  ovaries  being  familiarly  known  as  the 
"roe."  The  testes  of  the  male  are  commonly  called  the  "soft 
roe"  or  "milt."  The  products  of  the  reproductive  organs  are 
often  set  free  into  the  peritoneal  cavity,  ultimately  finding  their 
way  to  the  external  medium  by  means  of  an  abdominal  pore  (or 
pores) ;  or  they  are  directly  conveyed  to  the  exterior  by  the 
proper  ducts  of  the  reproductive  organs. 


457 


DIVISIONS  OF  FISHES. 


CHAPTER  LIIL 
PHARYNGOBRANCHII  AND  MARSIPOBRANCHII. 

The  class  Pisces  has  been  very  variously  subdivided  by  dif- 
ferent writers  ;  but  the  classification  here  adopted  is  the  one 
proposed  by  Professor  Huxley,  who  divides  the  class  into  the 
following  six  orders,  in  the  subdivisions  of  which  Professor 
Owen  has  been  followed  :  * 

Order  L  Pharyngobranchii  {- Cirrostomi,  Owen;  and 
Leptocardia,  Miiller). — This  order  includes  but  a  single  fish, 
the  anomalous  Amphioxus  lanceolatus,  or  Lancelet  (fig.  239), 
the  organisation  of  which  differs  in  almost  all  important  points 
from  that  of  all  the  other  members  of  the  class.  The  charac- 
ters of  Amphioxus,  in  fact,  are  so  aberrant,  that  Hseckel  pro- 
poses to  divide  the  sub-kingdom  Vertebj-ata  into  two  primary 
sections — the  one  {Leptocardia)  comprising  the  Lancelet  alone, 
whilst  the  other  {Pachycardid)  includes  all  other  Vertebrates. 
The  order  is  defined  by  the  following  characters,  which,  as  will 
be  seen,  are  mostly  negative  : — No  skull  is  present,  nor  lower 
jaw  {mandible),  nor  limbs.  The  notochord  is  persistent ;  and 
there  are  no  vertebral  centra  nor  arches.  No  distinct  brain  nor 
auditory  oi'gans  are  present.  In  place  of  a  distinct  heart,  pul- 
sating dilatations  are  developed  upon  several  of  the  great  blood- 
7>essels.  The  blood  is  pale.  The  7nouth  is  in  the  form  of  a 
longitudinal  fissure,  surroimded  by  filaments  or  cirri.  The 
walls  of  the  pharynx  are  perforated  by  numerous  clefts  or  fis- 
sures, the  sides  of  zvhich  are  ciliated,  the  whole  exercising  a 
respiratory  function. 

*  Cuvier  divided  the  class  Pisces  into  the  great  orders  of  the  Chondrop- 
icrygii{Qx  Cartilaginous  Fishes),  t\ie  A  cant  hoptery git  (or  Fishes  with  spinous 
rays  in  the  paired  fins),  and  Malacopterygii  (or  Fishes  with  soft  rays 
in  the  paired  fins).  Agassiz  divides  Fishes,  from  the  character  of  the 
scales,  into  the  four  orders,  Cycloidci,  Cicnoidei,  Ganoidei,  and  Placoidei. 
Miiller  divides  the  Fishes  into  the  five  orders  Leptocardia,  (Lancelet),  Cyclo- 
stomata  (Lampreys  and  Hag-fishes),  Telcostei,  (Bony  Fishes),  Ganoidei, 
(Ganoid  Fishes),  and  Selachia  (Sharks  and  Rays). 
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The  Lancelet  is  a  singular  little  fish,  from  one  to  two  inches 
in  length,  which  is  found  burrowing  in  sandbanks,  in  various 
seas,  but  especially  in  the  Mediterranean.  The  body  (fig. 
239)  is  semi-transparent,  destitute  of  an  exoskeleton,  and 
lanceolate  in  shape,  and  is  provided  with  a  narrow  mem- 
branous border,  of  the  nature  of  a  median  fin,  which  runs 
along  the  whole  of  the  dorsal  and  part  of  the  ventral  surface, 
and  expands  at  the  tail  to  form  a  lancet-shaped  caudal-fin. 
No  true  paired  fins,  representing  the  anterior  and  posterior 
limbs,  are  present.  The  mouth  is  a  longitudinal  fissure, 
situated  at  the  front  of  the  head,  and  destitute  of  jaws.  It 
is  surrounded  by  a  cartilaginous  ring,  composed  of  many 
pieces,  which  give  off  prolongations,  so  as  to  form  a  number 
of  ciliated  cartilaginous  filaments  or  "cirri"  on  each  side  of 
the  mouth.  (Hence  the  name  of  Cirrostomi,  proposed  by 
Professor  Owen  for  the  order.)  The  throat  is  provided  on 
each  side  with  vascular  lamellae,  which  are  believed  by  Owen 
to  perform  the  function  of  free  branchial  filaments.  The 
mouth  leads  into  a  dilated  chamber  (fig.  239,  b),  which  is 


Fig.  239. — The  Lancelet  {Amphioxjcs  lajiceolaUis),  enlarged  to  twice  its  natural  size. 

0  Mouth  ;  b  Pharyngeal  sac ;  g  Stomach  ;  h  Diverticulum  representing  the  liver ; 

1  Intestine ;  a  Anus  :  «  Notochord  ;  /  Rudiments  of  fin-rays  ;  /  Abdominal  pore. 


believed  to  represent  the  pharynx,  and  is  termed  the  "  pharyn- 
geal" or  "branchial  sac."  It  is  an  elongated  chamber,  the 
walls  of  which  are  strengthened  by  numerous  cartilaginous 
filaments,  between  which  is  a  series  of  transverse  slits  or 
clefts,  the  whole  covered  by  a  richly-ciliated  mucous  mem- 
brane. This  branchial  dilatation  has  given  rise  to  the  name 
Branchiostoma,  often  applied  to  the  Lancelet.  Posteriorly  the 
branchial  sac  opens  into  an  alimentary  canal,  to  which  is  ap- 
pended a  long  and  capacious  sac  or  caecum  {h\  which  is 
believed  to  represent  the  liver.  The  intestinal  tube  termi- 
nates posteriorly  by  a  distinct  anus  (a),  which  is  situated  at 
the  root  of  the  tail  a  little  to  the  left  of  the  median  Ime ;  and 
the  intestinal  mucous  membrane  is  ciliated.  Respiration  is 
effected  by  the  admission  of  water  taken  in  by  the  moutn 
into  the  branchial  sac,  having  previously  passed  over  the  tree 
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branchial  filaments  before  mentioned.  The  water  passes 
through  the  slits  in  the  branchial  sac,  and  thus  gains  access 
to  the  abdominal  cavity,  from  which  it  escapes  by  means  of 
an  aperture  Avith  contractile  margins  situated  a  little  in  front 
of  the  anus,  and  called  the  "  abdominal  pore"  (/).  There  is 
no  distinct  heart,  and  the  circulation  is  entirely  effected  by 
means  of  rhythmically  contractile  dilatations  which  are  de- 
veloped upon  several  of  the  great  blood-vessels.  In  other 
words,  the  heart  retains  its  primitively  tubular  condition,  and 
special  contractile  dilatations  are  developed  upon  other  vessels 
(those  carrying  the  blood  to  the  pharynx).  The  blood  itself 
is  colourless.  No  kidneys  have  as  yet  been  certainly  identi- 
fied, and  there  is  no  lymphatic  system.  There  is  no  skeleton 
properly  so  called.  In  place  of  the  vertebral  column,  and 
constituting  the  whole  endoskeleton,  is  the  semi-gelatinous 
cellular  notochord  (/z),  enclosed  in  a  fibrous  sheath,  and  giving 
off  fibrous  arches  above  and  below.  The  notochord  is,  further, 
peculiar  in  this,  that  it  is  prolonged  quite  to  the  anterior  end 
of  the  body,  whereas  in  all  other  Vertebrates  it  stops  short 
at  the  pituitary  fossa.  There  is  no  cranium,  and  the  spinal 
cord  does  not  expand  anteriorly  to  form  a  distinct  cerebral 
mass.  The  brain,  however,  may  be  said  to  be  represented, 
since  the  anterior  portion  of  the  nervous  axis  gives  off  nerves 
to  a  pair  of  rudimentary  eyes,  and  another  branch  to  a  ciliated 
pit,  believed  to  represent  an  olfactory  organ.  The  generative 
organs  (ovaria  and  testes)  are  not  furnished  with  any  efferent 
ducts  (oviduct  or  vas  deferens).  The  generative  products, 
therefore,  are  shed  into  the  abdominal  cavity,  and  gain  the 
external  medium  by  the  "  abdominal  pore." 

Order  II.  Marsipobranchii  ( =  Cyclostomi,  Owen ;  and 
Cydostomata,  Miiller).— This  order  includes  the  Lampreys 
{PetroiJiyzonidcB)  and  the  Hag-fishes  {Myxinidce),  and  is  defined 
by  the  following  characters  \~The.  body  is  cylindrical,  worm- 
like,  and  destitute  of  limbs.  The  skull  is  cartilaginous,  without 
cranial ^  bones,  and  having  no  lower  Jaw  {mandible).  The  noto- 
chord is  persistent,  and  there  are  either  no  veriebral  centra,  or 
but  the  most  rudinwitary  traces  of  them.  The  heart  consists  of 
one  auricle  and  one  ventricle,  but  the  bratichial  artery  is  not 
fur?iished  with  a  bulbus  arteriosus.  The  gills  are  sac-like,  and 
a}'e  not  ciliated. 

The  type  of  piscine  organisation  displayed  in  the  Marsipo- 
branchii is  of  a  very  low  grade,  as  indicated  chiefly  by  the 
persistent  notochord  without  vertebral  centra,  the  absence  of 
any  traces  of  limbs,  the  absence  of  a  mandible,  and  the  struc- 
ture of  the  gills. 
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Both  the  Lampreys  (fig.  240,  B)  and  the  Hag-fishes  (fig 
240,  A)  are  vermiform,  eel-like  fishes,  which  agree  in  possess- 


Flg.  240. — Morphology  of  Marsipobranchii.  A,  Myxine  gluiinosa,  showing  the  sucker- 
like mouth,  and  the  two  ventral  openings  (li)  by  which  the  water  escapes  from  the 
gills.  B,  The  River  Lamprey  or  Lampern  {Petromyzon  fluviatilis),  showing  the 
seven  branchial  apertures  on  the  side  of  the  neck.  C,  Branchial  organs  of  Myxine ; 
g  The  gullet  laid  open,  showing  the  openings  (six  on  each  side)  by  which  the  water 
enters  the  branchial  sacs  {s) ;  c  Canal  carrying  the  water  away  from  the  gills,  to  be 
discharged  by  the  two  ventrally-placed  branchial  apertures  (//,  li) ;  i  Aperture  by 
which  the  water  is  admitted  to  the  gullet  and  thence  to  the  gills. 

ing  no  paired  fins  to  represent  the  limbs,  but  in  having  a  median 
fiin  running  round  the  hinder  extremity  of  the  body.  The 
skeleton  remains  throughout  life  in  a  cartilaginous  condition, 
the  chorda  dorsalis  is  persistent,  and  the  only  traces  of  bodies 
of  vertebrae  are  found  in  hardly  perceptible  rings  of  osseous 
matter  developed  in  the  sheath  of  the  notochord.  The  neural 
arches  of  the  vertebras,  enclosing  the  spinal  cord,  are  only 
represented  by  cartilaginous  prolongations.  There  is  a  par- 
tially cartilaginous  cranium,  which  is  not,  however,  movable 
on  the  spinal  column.  The  mouth  in  the  Hag-fish  {Myxine) 
is  of  a  very  remarkable  character,  and  enables  it  to  lead  a  very 
peculiar  mode  of  life.  It  is  usually  found,  namely,  embedded 
in  the  interior  of  some  other  large  fish,  into  which  it  has  suc- 
ceeded in  penetrating  by  means  of  its  singular  dental  apparatus. 
The  mouth  (fig.  240,  A)  is  sucker-like,  destitute  of  jaws,  but 
provided  with  tactile  filaments  or  cirri.  In  the  centre  of  the 
palate  is  fixed  a  single,  large,  recurved  fang,  which  is  firmly 
attached  to  the  under  surface  of  the  cranium.  The  sides  of 
this  fang  are  strongly  serrated,  and  it  is  by  means  of  this  that 
the  Hag-fish  bores  its  way  into  its  victim,  having  previously 
attached  itself  by  its  sucker-like  mouth,  assisted  by  the  action 
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'of  the  piston-like  toothed  tongue.     In  the  Lampreys  the 
:  mouth  has  also  the  form  of  a  circular  cup  or  sucker,  and  is 
I  also  destitute  of  jaws ;  but  in  addition  to  the  palatine  fang  of 
I  the  Myxine,  the  margins  of  the  lips  bear  a  number  of  horny 
processes,  which  are  not  really  true  teeth,  but  are  hard  struc- 
'  tures  developed  in  the  labial  mucous  membrane.  _  The  tongue, 
i  also,  is  armed  with  serrated  teeth,  and  acts  as  a  kind  of  piston  ; 
\  so  that  the  Lampreys  are  in  this  manner  enabled  to  attach 
themselves  firmly  to  solid  objects.    Sometimes  the  oral  cavity 
is  strengthened  by  a  basket-shaped  cartilaginous  apparatus, 
I  and  sometimes  a  similar  apparatus  supports  the  gill-sacs.  The 
i  alimentary  canal  is  simple  and  straight,  the  liver  not  sac-like, 
I  but  of  its  ordinary  form,  and  the  kidneys  distinct  and  well 
I  developed. 

The  Marsipobranchii  are  peculiar  amongst  Vertebrate  ani- 
,  mals  in  possessing  only  one  median  nasal  sac,  opening  on  the 
;  exterior  of  the  head  by  a  single  unpaired  nostril.    The  Hag- 
I  fishes  further  differ  from  all  the  members  of  the  class,  except 
the  Mud-fishes  {Diptoi)  in  the  fact  that  the  nasal  cavity  com- 
r  municates  behind  with  the  pharynx.    In  the  Lampreys,  on  the 
other  hand,  the  nasal  sac  is  closed  posteriorly. 

Another  very  remarkable  point  in  the  Hag-fishes  and  Lam- 
preys is  to  be  found  in  the  structure  of  the  gills,  from  which 
the  name  of  the  order  is  derived.  The  gills,  namely,  are  in 
the  form  of  fixed  pouches,  instead  of  being  free  vascular  struc- 
tures contained  in  a  common  chamber,  opening  externally  by 
a  gill-slit,  as  in  the  typical  Bony  Fishes.  In  the  Hag-fishes 
there  are  six  of  these  branchial  sacs  on  each  side  of  the  oeso- 
phagus (fig.  240,  C).  The  water  is  admitted  to  the  gullet  {g) 
by  a  special  aperture  situated  on  the  ventral  surface,  whence  it 
passes  into  the  branchial  pouches  by  six  apertures  on  each 
side.  Having  passed  over  the  complicated  and  highly  vascular 
interior  of  the  branchial  sacs,  the  water  escapes  by  a  corre- 
sponding series  of  tubes  opening  into  a  common  canal  {c)  on 
each  side,  and  these  canals  finally  discharge  the  effete  water  by 
two  apertures  situated  on  the  ventral  surface  behind  the  head 
{h,  h).  In  the  Lampreys  the  gills  have  the  same  fixed  and 
pouch-like  arrangement,  but  there  are  some  marked  differences 
from  the  above.  The  water  is  admitted  from  the  gullet  to  seven 
branchial  pouches  on  each  side,  but  the  mode  of  admission 
is  by  means  of  two  special  canals  which  lie  beneath  the  ceso- 
])hagus  on  each  side,  communicating  each  by  its  own  aperture 
with  the  mouth  in  front,  terminating  blindly  behind,  and  send- 
mg  off  a  branch  to  each  pouch.  The  effete  water,  also,  escapes 
by  a  special  tube  to  each  sac,  so  that  there  are  seven  branchial 


I 


462. 


MANUAL  OF  ZOOLOGY. 


apertures  in  the  form  of  slits  or  holes  on  the  side  of  the  neck 
(fig.  240,  B).  The  reproductive  organs  are  ductless,  and  the 
generative  elements  are  shed  into  the  abdomen,  whence  they 
escape  by  an  abdominal  pore. 

The  Lampreys  are,  some  of  them,  inhabitants  of  rivers ;  but  the  great 
Sea-lamprey  {Petromyzon  marhms)  only  quits  the  salt  water  in  order  to 
spawn.  The  mouth  in  the  Petroviy2onida  is  a  circular  cartilaginous  ring, 
formed  by  the  amalgamation  of  the  palatine  and  mandibular  arches,  and 
carrying  numerous  teeth  and  small  tubercles.  The  tongue  is  armed  with 
a  double  series  of  small  teeth,  and  acts  like  a  piston,  enabling  the  animal 
to  attach  itself  to  stones  and  rocks.  There  is  no  air-bladder.  The  body 
is  cylindrical,  compressed  towards  the  tail,  and  destitute  of  scales.  The 
skeleton  consists  of  a  series  of  cartilaginous  rings  without  ribs.  The  young 
Petromyzon  undergoes  a  metamorphosis,  being  so  unlike  the  parent  that  a 
new  genus  {Ammoccetes)  was  originally  founded  for  its  reception. 

In  the  MyxinidcB  the  mouth  is  circular  and  membranous,  with  eight  cirri. 
The  palate  carries  a  single  fang,  and  the  tongue  is  armed  with  a  double 
row  of  small  teeth  on  each  side.  There  may  be  seven  branchial  apertures 
on  each  side  {Heptatrevia),  or  the  branchial  pouches  open  into  a  common 
tube  on  each  side,  and  each  of  these  terminates  in  a  distinct  aperture 
situated  under  the  heart  on  the  lower  surface  of  the  body  {Myxine  or  Gas- 
trobranchtis).  The  Hags  pour  out  so  much  mucus  through  the  lateral  line 
that  they  can  surround  themselves  with  jelly ;  hence  the  name  of  the  com- 
mon species  {Myxine  glutinosa).  The  Glutinous  Hag  is  a  native  of  the 
North  and  British  seas,  and  is  chiefly  found  in  the  interior  of  the  Cod  and 
Haddock  (often  five  or  six  individuals  in  one  fish). 


CHAPTER  LIV. 
TELEOSTEI. 

Order  III.  Teleostei. — This  order  includes  the  great  ma- 
jority of  fishes  in  which  there  is  a  Avell-ossified  endoskeleton, 
and  it  corresponds  very  nearly  with  Cuvier's  division  of  the 
"  osseous  "  fishes.  The  Teleostei  are  defined  as  follows  : — The 
skeleton  is  usually  well  ossified;  the  cranium  is  provided  with 
cranial  hones;  and  a  mandible  is  presejit ;  whilst  the  vertebral 
column  almost  always  consists  of  more  or  less  completely  ossified 
vertebrce.  The  pectoral  arch  has  a  clavicle;  and  the  two  pairs  of 
limbs,  when  present,  are  in  the  form  of  fins  stipported  by  rays. 
The  gills  are  free,  pectinated  or  tufted  in  shape;  a  bony  gill-cover 
and  branchiostegal  rays  bci?ig  ahuays  developed.  The  branchial 
artery  has  its  "base  developed  into  a  bulbus  arteriosus ;  but  this 
is  never  rhythmically  contractile,  and  is  separated  from  the  ventricle 
by  710  more  than  a  single  row  of  valves. 
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The  order  Teleostei  comprises  almost  all  the  common  fishes ; 
and  it  will  be  unnecessary  to  dilate  upon  their  structure,  as 
they  were  taken  as  the  types  of  the  class  in  giving  a  general 
description  of  the  Fishes.  It  may  be  as  well,  however,  to  recapit- 
.ulate  very  briefly  some  of  the  leading  characters  of  the  order. 

I.  The  skeleton,  instead  of  remaining  throughout  life  more 
or  less  completely  cartilaginous,  is  now  always  more  or  less 
thoroughly  ossified.  The  notochord  is  not  persistent,  and  the 
vertebral  column,  though  sometimes  cartilaginous,  consists  of 
a  number  of  vertebrae.  The  bodies  of  the  vertebree  are  what  is 
called  "  amphicoelous  " — that  is  to  say,  they  are  concave  at 
both  ends.  .  It  follows  from  this,  that  between  each  pair  of 
vertebrae  there  is  formed  a  doubly-conical  cavity,  and  this  is 
filled  with  the  cartilaginous  or  semi-gelatinous  remains  of  the 
notochord.  By  this  means  an  extraordinary  amount  of  flexi- 
bility is  given  to  the  entire  vertebral  column.  In  no  fish  except 
the  Bony  Pike  (which  belongs  to  the  order  Ganoidei)  is  the 
ossification  of  the  vertebral  centra  carried  further  than  this. 
The  skull  is  of  an  extremely  complicated  nature,,  being  com- 
posed of  a  number  of  distinct  cranial  bones ;  and  a  mandible 
or  lower  jaw  is  invariably  present. 

II.  The  anterior  and  posterior  pairs  of  limbs  are  usually,  but 
not  always,  present,  and  when  developed  they  are  always  in 
the  form  of  fins.  The  fins  may  be  supported  by  "  spinous  "  or 
"  soft "  rays,  of  which  the  former  are  simple  undivided  spines 
of  bone,  whilst  the  latter  are  divided  transversely  into  a  num- 
ber of  short  transverse  pieces,  and  also  are  broken  up  into 
a  number  of  longitudinal  rays  proceeding  from  a  common 
root.  (The  fishes  with  soft  rays  in  their  paired  fins  are 
termed  Malacoptej-ygiV — those  with  spinous  rays,  Aca?i- 
thopterygUy) 

III.  Besides  the  paired  fins,  representing  the  limbs,  there  is 
a  variable  number  of  unpaired  or  azygous  integumentary  ex- 
pansions, which  are  known  as  the  "  median  fins."  When  fully 
developed  (fig.  241),  they  consist  of  one  or  two  fins  on  tlie 
back — the  "  dorsal "  fins ;  one  or  two  on  the  ventral  surface— 
the  "  anal "  fins ;  and  one  clothing  the  posterior  extremity  of 
the  body — the  "caudal"  fin.  The  caudal  fin  (fig.  236,  A)  is 
spt  vertically,  and  not  horizontally,  as  in  the  Whales  and 
Dolphins ;  and  in  all  the  bony  fishes  its  form  is  "  homocercal " 
— that  is,  it  consists  of  two  equal  lobes,  and  the  vertebral 
column  is  not  prolonged  into  the  superior  lobe.*    In  all  the 

*  Though  to  all  appearance  symmetrical,  the  tail  of  the  bony  fishes  is 
in  reality  unsymmetrical.  The  appearance  of  symmetry  is  due  to  the  bony 
spinal  column  terminating  in  the  centre  of  a  wedge-shaped  "  hypural  bone," 
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median  fins  the  fin-rays  are  supported  upon  a  series  of  dagger- 
shaped  bones,  which  are  plunged  in  the  flesh  of  the  middle 


d 
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Fig.  241.— The  common  Perch  {Perca  fnviatilis).  o  Gill-cover,  with  the  gill-slit  be- 
hmd  It ;  /  One  of  the  pectoral  fins,  the  left ;  v  The  left  ventral  fin  ;  rfThe  first  dorsal 
fin  ;  d!  The  second  dorsal  fin  ;  c  The  caudal  fin  or  tail ;  a  The  anal  fin ;  /  Lateral  line. 

line  of  the  body,  and  are  attached  to  the  spinous  processes  of 
the  vertebrae.    These  are  the  so-called  "  interspinous  "  bones. 

IV.  The  heart  consists  of  two  chambers,  an  auricle  and  a 
ventricle,  and  the  branchial  artery  is  furnished  with  a  bulbus 
arteriosus.  The  arterial  bulb,  however,  is  not  furnished  with  a 
special  coat  of  striated  muscular  fibres,  is  not  rhythmically  con- 
tractile, and  is  separated  from  the  ventricle  by  no  more  than  a 
single  row  of  valves. 

V.  The  respiratory  organs  consist  of  free,  pectinated,  or  tufted 
branchiae,  situated  in  two  branchial  chambers,  each  of  which 
communicates  internally  with  the  pharynx  by  a  series  of  clefts, 
and  opens  externally  on  the  side  of  the  neck  by  a  single  aper- 
ture (or  "gill-slit"),  which  is  protected  in  front  by  a  bony  gill- 
cover  (fig.  241)  and  is  also  closed  by  a  "  branchiostegal  mem- 
brane," supported  upon  "  branchiostegal  rays."    The  branchias* 
are  attached  to  a  series  of  bony  branchial  arches  (generally 
five  on  each  side,  but  only  the  anterior  four  bearing  gills),, 
which  are  connected  inferiorly  with  the  hyoid  bone,  and 
superiorly  with  the  skull ;  and  the  water  required  in  respira- 
tion is  taken  in  at  the  mouth  by  a  process  analogous  to  swal- 
lowing. 

to  the  free  edges  of  which  the  caudal  fin-rays  are  symmetrically  attached. 
The  actual  termination  of  the  notochord  is  bent  up,  and  is  never  ossified ; 
but  its  sheath  usually  becomes  calcified,  forming  a  spine  ("urostyle") 
■which  coalesces  with  the  dorsal  edge  of  the  hypural  bone,  the  latter  being 
foriTied  by  the  anchylosis  of  ossicles  developed  from  the  ventral  face  of  the 
notochordal  sheath. 
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VI.  The  nasal  sacs  never  communicate  posteriorly  with  the 
cavity  of  the  pharynx. 

VII.  The  exoskeleton  usually  has  the  form  of  overlappmg 
horny  scales  of  the  cycloid  or  ctenoid  character;  but  it  is 
sometimes  absent,  sometimes  composed  of  scattered  plates  of 
true  bone,  sometimes  ganoid,  and  sometimes  formed  of  sha- 
green-like bony  spines. 

VIII.  The  stomach  is  capacious ;  pyloric  caeca  are  present ; 
the  intestine  has  no  spiral  valve ;  and  the  rectum  usually  opens 
separate  from  and  in  front  of  the  urinary  and  genital  apertures. 
The  air-bladder  may  or  may  not  be  present,  and  may  or  may 
not  communicate  with  the  gullet.  The  kidneys  are  well  de- 
veloped. The  reproductive  organs  may  be  solid,  and  inay 
liberate  their  contents  by  rupture  into  the  abdominal  cavity ; 
but  they  are  usually  hollow  organs,  with  ducts  which  open  be- 
side or  behind  the  urinary  aperture. 

The  subdivisions  of  the  osseous  fishes  are  so  numerous,  and 
they  contain  so  many  families,  that  it  will  be  sufficient  to  run 
over  the  more  important  sub-orders,  and  to  mention  the  more 
familiar  examples  of  each. 

Sub-order  A.  Malacopteri,  Owen  ( =  Fhysostomata,  Miil- 
ler). — This  sub-order  is  defined  by  usually  possessing  a  com- 
plete set  of  fins,  supported  by  rays,  all  of  which  are  "  soft"  or 
many-jointed,  with  the  occasional  exception  of  the  first  rays  in 
the  dorsal  and  pectoral  fins.  A  swim-bladder  is  always  present, 
and  always  communicates  with  the  oesophagus  by  means  of  a 
duct,  which  is  the  homologue  of  the  windpipe.  The  skin  is 
rarely  naked,  and  is  mostly  furnished  with  cycloid  scales ;  but 
in  some  cases  ganoid  plates  are  present. 

This  sub-order  is  one  of  great  importance,  as  comprising  many  well- 
known  and  useful  fishes.  It  is  divided  into  two  groups,  according  as 
ventral  fins  are  present  or  not.  In  the  first  group — Apoda — there  are 
no  ventral  fins  ;  and  the  most  familiar  examples  are  the  common  Eels 
of  our  own  country.  The  Eels  {Mumnidce)  have  an  elongated,  almost 
cylindrical  body,  with  the  scales  deeply  sunk  in  the  skin,  and  scarcely  ap- 
parent. A  swim-bladder  is  present,  and  the  operculum  is  small  and  mostly 
enveloped  in  the  skin.  More  remarkable,  however,  than  the  ordinary 
Eels  is  the  Gymnotus  elcctricus,  or  great  Electric  Eel,  which  inhabits  the 
marshy  waters  of  those  wonderful  South  American  plains,  the  so-called 
"Llanos."  This  extraordinary  fish  (fig.  242)  is  from  five  to  six  feet  in 
length,  and  the  discharge  of  its  electrical  organs  is  sufficiently  powerful  to 
kill  even  large  animals.  The  following  striking  account  is  given  by  Hum- 
boldt of  the  manner  in  which  the  Gymnoti  are  captured  by  the  Indians  : — 
"  A  number  of  horses  and  mules  are  driven  into  a  swamp  which  is  closely 
surrounded  by  Indians,  until  the  unusual  disturbance  excites  the  daring  fish 
to  venture  an  attack.  Serpent-like,  they  are  seen  swimming  along  the 
surface  of  the  water,  striving  cunningly  to  glide  under  the  bellies  of  the 
horses.    By  the  force  of  their  invisible  blows  numbers  of  the  poor  animals 
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are  suddenly  prostrated;  others,  snorting  and  panting,  their  manes  erect, 
their  eyes  wildly  flashing  terror,  rusli  madly  from  the  raging  storm  ;  but 
the  Indians,  armed  with  long  bamboo  staves,  drive  them  back  into  the 
midst  of  the  pool. 

"  By  degrees  the  fury  of  this  unequal  contest  begins  to  slacken.  Like 


Fig.  242.— Electric  Eel  [Gymnotus  electricus). 

clouds  which  have  discharged  their  electricity,  the  wearied  eels  disperse. 
They  require  long  rest  and  nourishing  food  to  repair  the  galvanic  force 
which  they  have  so  lavishly  expended.  Their  shocks  gradually  become 
vireaker  and  weaker.  Terrified  by  the  noise  of  the  trampling  horses,  they 
timidly  approach  the  banks  of  the  morass,  where  they  are  wounded  by 
harpoons,  and  drawn  on  shore  by  non-conducting  pieces  of  dry  wood. 

"  Such  is  the  remarkable  contest  between  horses  and  fish.  That  which 
constitutes  the  invisible  but  living  weapon  of  these  inhabitants  of  the  waters 
— that  which,  awakened  by  the  contact  of  moist  and  dissimilar  particles, 
circulates  through  all  the  organs  of  animals  or  plants — that  which,  flashing 
amid  the  roar  of  thunder,  illuminates  the  wide  canopy  of  heaven — which 
binds  iron  to  iron,  and  directs  the  silent  recurring  course  of  the  magnetic 
needle, — all,  like  the  refracted  rays  of  light,  flow  from  one  common  source, 
and  all  blend  together  into  one  eternal  all-pervading  power." 

The  second  group  of  the  Malacopferi  is  that  of  the  Abdominalia,  in  which 
there  are  ventral  fins,  and  these  are  abdominal  in  position.  Space  will  not 
permit  of  more  here  than  merely  mentioning  that  in  this  section  are  con- 
tained amongst  others  the  well-known  and  important  groups  of  the  Clupeida 
(Herring  tribe),  the  Pikes  {Esocidcs),  the  Carps,  Barbels,  Roach,  Chub, 
Minnow,  &c.  {Cyprmidce),  and  the  Salmonidcs,  compi-ising  the  various 
species  of  Salmon  and  Trout.  Also  belonging  to  this  group  are  the  Sheat- 
fishes  [Sihiridcs),  which  are  chiefly  noticeable  because  they  are  amongst  the 
small  number  of  living  fishes  possessed  of  structures  of  the  same  nature  as 
the  fossil  spines  known  as  "  ichthyodorulites."  The  stincture  in  question 
consists  of  the  first  ray  of  the  pectoral  fins,  which  is  largely  developed,  and 
constitutes  a  formidable  spine,  which  the  animal  can  erect  and  depress  at 
pleasure.  Unlike  the  old  "  ichthyodorulites,"  however,  the  spines  of  the 
SiluridcB  have  their  bases  modified  for  articulation  with  another  bone,  and 
they  are  not  simply  hollow  and  implanted  in  the  flesh.  The  '^Siluroids 
are  also  remarkable  for  their  resemblance  to  certain  of  the  extinct  Ganoid  • 
fishes  {e.g.,  Pterichthys,  Coccosteus,  Sec),  caused  by  the  fact  that  the  liead  is 
protected  with  an  exoskeleton  of  dermal  bones.  The  largest  European 
species  is  the  Silurus  glanis  of  the  Swiss  lakes,  and  of  various  European 
rivers.  Another  remarkable  member  of  this  family  is  the  Malaptcrurus  ol 
the  Nile  and  west  coast  of  Africa,  which  is  endowed  with  electrical  powers. 
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Sub-order  B.  Anacanthini.  —  This  sub-order  is  distin- 
guished by  the  fact  that  the  fins  are  entirely  supported  by 
"soft"  rays,  and  never  possess  "spiny"  rays;  whilst  the  ven- 
tral fins  are  either  wanting,  or,  if  present,  are  placed  under  the 
throat,  beneath  or  in  advance  of  the  pectorals,  and  supported 
by  the  pectoral  arch.  The  swim-bladder  may  be  wanting,  but 
when  present  it  does  not  communicate  with  the  oesophagus  by 
a  duct. 

As  in  the  preceding  order,  the  Anaca?ithim  are  divided  into 
two  groups,  distinguished  by  the  presence  or  absence  of  the 
ventral  fins.  In  the  first  of  these  groups  {Apoda)  are  only  a 
few  fishes,  of  which  one  of  the  most  familiar  examples  is  the 
little  Sand-eel  {Am^nodytes  lancea),  which  occurs  on  all  our 
coasts.  In  the  second  group  {Sub-brachiata)  in  which  ventral 
fins  exist,  are  the  two  important  families  of  the  Gadidce  and 
Pleiironectidce.  The  Gadida  or  Cod  family,  comprising  the 
Haddock,  Whiting,  Ling,  and  Cod  itself,  is  of  great  value  to 
man,  most  of  its  members  being  largely  consumed  as  food.  In 
the  PleurojiedidcB  or  Flat-fishes  are  comprised  the  Sole,  Plaice, 
Turbot,  Halibut,  Brill,  and  others,  in  all  of  which  there  is  a 
very  curious  modification  in  the  form  of  the  body.  The  body, 
namely,  in  all  the  Flat-fishes  (fig.  243)  is  very  much  compressed 


Fig.  243.— Pleuronectidae.    RJionibits punctatus.    Natural  size  (after  Gosse). 

from  side  to  side,  and  is  bordered  by  long  dorsal  and  anal  fins. 
The  bones  of  the  head  are  twisted  in  such  a  manner  that  the 
two  eyes  are  both  brought  to  one  side  of  the  body,  which  is 
sometimes  the  right  side,  sometimes  the  left.  The  fish  usually 
keeps  this  side  uppermost,  and  is  dark-coloured  on  this  aspect; 
whilst  the  opposite  side,  on  which  it  rests,  is  white.  From  this 
habit  of  the  Flat-fishes  of  restmg  upon  one  flat  surface,  the 
sides  are  often  looked  upon  as  the  dorsal  and  ventral  surfaces 
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of  the  body.  This,  however,  is  erroneous,  as  they  are  shown 
by  the  position  of  the  paired  fins  to  be  truly  the  /a/^ra/ surfaces 
of  the  body.  The  mouth  has  its  two  sides  unequal,  the  pec- 
torals are  rarely  of  the  same  size,  the  ventrals  look  like  a  con- 
tinuation of  the  anal  fin,  and  the  branchiostegal  rays  are  six  in 
number. 

Sub-order  C.  Acanthopteri, — This  sub-order  is  charac- 
terised by  the  fact  that  one  or  more  of  the  first  rays  in  the 
fins  are  in  the  form  of  true,  unjointed,  inflexible,  "spiny"  rays. 
The  exoskeleton  consists,  as  a  rule,  of  ctenoid  scales.  The 
ventral  fins  are  generally  beneath  or  in  advance  of  the  pecto- 
rals, and  the  duct  of  the  swim-bladder  is  invariably  obliterated. 

This  sub-order  comprises  two  families  : — 

a.  The  Pharyngognathi,  in  which  the  inferior  pharyngeal  bones  are  an- 
chylosed  so  as  to  form  a  single  bone,  which  is  usually  armed  with  teeth. 
The  family  is  not  of  much  importance,  the  only  familiar  fishes  belonging  to 
it  being  the  "  Wrasses  "  {Cyclolah'idcB). 

b.  The  Acanthopteri  veri,  characterised  by  having  always  spiny  rays  in 
the  first  dorsal  fin,  and  usually  in  the  first  rays  of  the  other  fins,  whilst  the 
inferior  pharyngeal  bones  are  never  anchylosed  into  a  single  mass.  This 
family  includes  many  subordinate  groups,  and  may  be  regarded  as,  on  the 
whole,  the  most  typical  division  of  the  Teleostean  fishes.  It  will  not  be 
necessary,  however,  to  do  more  than  mention  as  amongst  the  more  import- 
ant fishes  contained  in  it,  the  Perch  family  {Percidce),  the  Mullets  {Mugi- 
lidcs),  the  Mackerel  family  {ScojJiberida:),  the  Gurnards  {Sclerogenida),  the 
Gobies  {Gobiidix),  the  Blennies  {Blenniidci),  and  the  Anglers  {LophiidcE).  The 
Percida  form  by  far  the  most  important  member  of  this  group,  and  are  dis- 
tinguished by  having  ctenoid  scales,  the  operculum  and  prge-operculum 
variously  armed  with  spines,  teeth  on  the  vomer  and  palate  as  well  as  oa 
the  jaws,  and  the  branchiostegal  rays  from  five  to  seven  in  number. 

Sub-order  D.  Plectognathi. — This  sub-order  is  charac- 
terised by  the  fact  that  the  maxillary  and  premaxillary  bones 
are  immovably  connected  on  each  side  of  the  jaw.  The  endo- 
skeleton  is  only  partially  ossified,  and  the  vertebral  column 
often  remains  permanently  cartilaginous.  The  exoskeleton  is 
in  the  form  of  ganoid  plates,  scales,  or  spines.  The  ventral 
fins  are  generally  wanting,  and  the  air-bladder  is  destitute  of  a 
duct. 

The  most  remarkable  fishes  of  this  section  are  the  Trunk-fishes  {Ostraa- 
ontidcv,  in  which  the  body  is  entirely  enclosed,  with  the  exception  of  th£ 
tail,  in  an  immovable  case,  composed  of  large  ganoid  plates,  firmly  united 
to  one  another  at  their  edges.  ^ 

Besides  the  Tmnk-fishes,  this  section  also  includes  the  File-fishes  {flalis- 
tidce)  and  the  Globe-fishes  {Gymnodontida). 

Sub-order  E.  Lophobranchii. — This  is  a  small  and  unim- 
portant group,  mainly  characterised  by  the  peculiar  structure 
of  the  gills,  which  are  arranged  in  little  tufts  upon  the  branchial 
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arches,  instead  of  the  comb-like  plates  of  the  typical  bony  fishes. 
The  endoskeleton  is  only  partially  converted  into  bone,  and  the 
exoskeleton,  by  way  of  compensation,  consists  of  ganoid  plates. 
The  swim-bladder  is  destitute  of  an  air-duct. 

The  singular  Sea-horses  {Hippocampidce),  now  kept  in  most  of  our  large 
aquaria,  belong  to  this  sub-order,  but  the  only  point  about  them  which  re- 
quires notice  is  the  curious  fact  that  the  males  in  this  family  are  provided 
with  a  sort  of  marsupial  pouch,  into  which  the  eggs  are  placed  by  the  female, 
and  to  which  the  young,  when  hatched,  can  retire  if  threatened  by  any 
danger.  This  singular  cavity  is  only  found  in  the  males,  and  is  situated  at 
the  base  of  the  tail.  More  familiar  than  the  Sea-horses  are  the  Pipe-fishes 
{Syngnathidce),  of  which  one  species  occurs  commonly  on  our  shores. 


CHAPTER  LV. 
GANOIDEL 

Order  IV.  Ganoidei. — The  fourth  order  of  fishes  is  the  large 
and  important  one  of  the  Ganoid  fishes,  represented,  it  is  true, 
by  few  living  forms,  but  having  an  enormous  development  in 
past  geological  epochs.  For  this  reason  the  study  of  the 
Ganoid  fishes  is  one  which  claims  considerable  attention. 

At  the  present  day,  the  order  Ganoidei  comprises  only  seven 
genera — viz.,  Lepidostms,  Polyptei'us,  Calainoichthys,  Amia, 
Acipenser,  Scapirhync/ms,  and  Spatiilaria  —  all  of  which  are 
found  only  in  the  northern  hemisphere,  and  are  wholly  or 
partially  confined  to  fresh  water. 

The  order  Ganoidei  may  be  defined  by  the  following  charac- 
ters : — The  endoskeleton  is  only  partially  ossified,  the  vertebral 
coliivi7i  mostly  remaining  cartilaginous  throughout  life,  especially 
amongst  the  extinct  forms  of  the  PalcBOZoic  period,  in  which  the 
notochord  is  pej'sisfent.  The  skull  is  furnished  with  distinct 
cranial  hones,  and  the  lower  jaw  is  present.  The  exoskeleton  is  in 
the  form  of  ganoid  scales,  plates,  or  spines.  There  are  usually 
two  pairs  of  limbs,  in  the  form  of  fins,  each  supported  by  fin-rays. 
The  first  rays  of  the  fins  are  mostly  in  the  form  of  strong  spines. 
The  pectoral  arch  has  a  clavicle,  and  the  posterior  limbs  {ventral 
fins)  are  placed  close  to  the  anus.  The  caudal  fi?i  is  jnostly  un- 
symmetrical  or  "  heterocercal."  The  swim-bladder  is  always  pres- 
ent, is  often  cellular,  and  is  provided  with  an  air-duct.  The 
intestine  is  often  furnished  luith  a  spiral  valve.  The  gills  and 
opercular  apparatus  are  essentially  the  same  as  in  the  Bony  fishes. 
The  heart  has  one  auricle  and  a  ventricle,  afid  the  base  of  the 
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branchial  artery  is  dilated  into  a  bulbus  arteriosus,  which  is 
rhythmically  contractile,  is  furnished  with  a  distinct  coat  of  striated 
musailar  fibres,  and  is  provided  with  several  transverse  rows  of 
valves. 

Of  these  characters,  the  ones  which  it  is  most  important  to 
remember  are  the  following  : — 

I.  The  endoskeleton  is  rarely  thoroughly  ossified,  but  varies  a 
good  deal  as  to  the  extent  to  which  ossification  is  carried.  In 
some  forms,  including  most  of  the  older  members  of  the  order, 
the  chorda  dorsalis  is  persistent,  no  vertebral  centra  are  de- 
veloped, and  the  skull  is  cartilaginous,  and  is  protected  by 
ganoid  plates.  Even  in  these  forms,  however,  the  peripheral 
elements  of  the  vertebrae  are  ossified.  In  others,  the  bodies  of 
the  vertebrae  are  marked  out  by  osseous  or  semi-cartilaginous 
rings,  enclosing  the  primitive  matter  of  the  notochord.  In 
others,  the  vertebrae  are  like  those  of  the  Bony  fishes ;  that  is 
to  say,  deeply  biconcave  or  "  amphicoelous."  In  one  Ganoid, 
however — the  Bony  Pike  {Lepidosteus) — the  vertebral  column 
consists  of  a  series  of  "  opisthocoelous  "  vertebrae ;  that  is  to 
say,  vertebrae  which  are  convex  in  front  and  concave  behind. 
This  is  the  highest  point  of  development  reached  in  the  spinal 
column  of  any  fish,  and  its  structure  is  more  Reptilian  than 
Piscine.  In  Polypterus  and  Amia  the  vertebrae  are  ossified 
and  amphicoelous.  The  remaining  existing  genera  have  a  per- 
sistent notochord. 

II.  The  exoskeleton  consists  in  most  Ganoid  fishes  of  scales, 
plates,  or  spines,  which  are  said  to  possess  ganoid  characters. 
The  peculiarities  of  these  scales  are  that  they  are  composed  of 
two  distinct  layers — an  inferior  layer  of  bone  and  a  superficial 
covering  of  a  kind  of  enamel,  somewhat  similar  to  the  enamel 
of  the  teeth,  called  "ganoine."  In  form  the  ganoid  scales 
most  typically  exhibit  themselves  as  rhomboidal  plates,  placed 
edge  to  edge,  without  overlapping,  in  oblique  rows,  the  plates 
of  each  row  being  often  articulated  to  those  of  the  next  by  dis- 
tinct processes  (fig.  230,  e).  In  some  cases,  however,  the  scales 
are  circular,  and  overlap  one  another,  as  in  the  ordinary  Bony 
fishes.  In  Acipenser  (fig.  236,  B)  and  Scapirhyjichus  there  are 
detached  dermal  plates  of  true  bone ;  whilst  Spatidaria  has 
the  skin  naked. 

III.  As  to  the  fins,  both  pectorals  and  ventrals  are  usually 
present,  and  the  ventrals  are  always  placed  far  back  in  the 
neighbourhood  of  the  anus,  and  are  never  situated  in  the  im- 
mediate vicinity  of  the  pectorals.  In  some  living  and  many 
extinct  forms  the  fin-rays  of  the  paired  fins  are  arranged  so  as 
to  form  a  fringe  round  a  central  lobe  (fig.  244).    This  structure 
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characterises  a  division  of  Ganoids  called  by  Huxley  for  this 
reason,  Crossopterygidce,  or  "  fringe-finned."    The  form  of  the 
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Fig.  244.— Ganoid  Fishes.  A,  PolypteTiis ;  B,  Osteolepis  (extinct),  a  One  of  the  pec- 
toral fins,  showing  the  fin-rays  arranged  round  a  central  lobe  ;  b  One  of  the  ventral 
fins  ;  c  Anal  fin  ;  d  Dorsal  fin ;  d'  Second  dorsal  fin. 


caudal  fin  varies,  the  Ganoids  being  in  this  respect  intermediate 
I  between  the  Bony  fishes,  in  which  the  tail  is  "  homocercal," 
and  the  Sharks  and  Rays,  in  which  there  is  a  "  heterocercal " 
caudal  fin.  In  the  majority  of  Ganoids,  then,  the  tail  is  un- 
symmetrical  or  "  heterocercal,"  but  it  is  sometimes  equi-lobed 
or  "  homocercal." 

IV.  As  to  the  structure  of  the  respiratory  organs,  the  Ganoid 
fishes  agree  essentially  with  the  Bony  fishes.    They  all  possess 

\free  pectinated  gills  attached  to  branchial  arches,  and  enclosed 
in  a  branchial  chamber,  which  is  protected  by  an  operculum, 
and  is  closed  by  a  branchiostegal  membrane,  usually  supported 
by  branchiostegal  rays.  Besides  the  ordinary  branchiae  there 
is  frequently  an  additional  gill,  called  the  "  opercular  branchia," 
attached  to  the  interior  of  each  operculum,  and  below  this 
a  false  gill  or  "  pseudo-branchia,"  which  receives  arterialised 
blood  only.  Acipenser  "dXidi  Polypterus  have  "  spiracles  "  placed 
on  the  top  of  the  head  and  communicating  Avith  the  mouth. 

V.  There  is  always  a  swim-bladder,  which  is  often  divided 
by  partitions  into  several  cells,  and  is  always  connected  with 
the  gullet  by  an  air-duct,  as  -  in  the  Malacopterous  division  of 
the  Teleostean  fishes.  In  Polypterus  the  air-bladder  is  double 
and  sacculated. 

VI.  As  to  the  structure  of  the  heart,  the  Ganoids  differ  from 
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the  Bony  fishes,  and  agree  with  the  Sharks  and  Rays  in  having 
a  rhythmically  contractile  bulbus  arteriosus,  which  is  furnished 
with  a  special  coat  of  striated  muscular  fibres,  and  is  separated 
from  the  ventricle  by  several  rows  of  valves.  This  is  a  decided 
advance  in  structure,  as  in  this  way  the  arterial  bulb  is  en- 
abled to  act  as  a  continuation  of  the  ventricle. 

VII.  The  intestine  is  often  furnished  with  a  spiral  redupli- 
cation of  its  mucous  membrane,  forming  a  spiral  valve,  such 
as  we  shall  afterwards  see  in  the  Sharks  and  Rays. 

The  classification  of  the  Ganoid  fishes  has  hitherto  proved 
a  matter  of  extreme  difficulty ;  and  probably  no  arrangement 
that  has  been  as  yet  proposed  can  be  regarded  as  being,  in  all 
its  details,  more  than  provisional.  A  convenient  primary 
division  is  that  into  Lepidoganoids,  in  which  the  body  is 
furnished  with  scales  of  moderate  size,  and  the  endoskeleton 
is  generally  more  or  less  perfectly  ossified,  and  Placoganoids^ 
in  which  the  skeleton  is  imperfectly  ossified,  and  the  head  and 
more  or  less  of  the  body  are  protected  by  large  ganoid  plates, 
which  in  many  cases  are  united  together  by  sutures.  Accept- 
ing this  division,  the  order  Ganoidei  may  be  divided  into  the 
following  sub-orders : — 

Section  r.  Lepidoganoidei. 

Sub-order  A.  Aniiadce.  (Recent.) 

w        B.  Lepidosteid(E.  (Recent.) 

II        C.  Lepidopleiiridce.  (Extinct.) 

II       D.  Crossopterygida.  (Recent.) 

II       E.  AcanthodidcE.  (Extinct.) 

Section  2.  Placoganoidei. 

Sub-order  F.  Ostracostd.  (Extinct.) 
II       G.  Sturionidce.  (Recent.) 

The  best  known  living  fishes  belonging  to  the  Lepidoganoids  are  the 
Bony  Pilce  and  the  Polyptcriis.  The  Bony  Pike  {Lepidosieus,  fig.  245,  A) 
inhabits  the  rivers  and  lakes  of  North  America,  and  attains  a  length  of 
several  feet.  The  body  is  entirely  clothed  with  an  armour  of  ganoid 
scales,  arranged  in  obliquely  transverse  rows.  The  vertebral  column  is 
exceedingly  well  ossified,  and  is  reptilian  in  its  characters,  the  bodies  of 
the  vertebrae  being  "  opisthocoelous."  The  jaws  fonn  a  long  narrow  snout, 
armed  with  a  double  series  of  teeth ;  and  the  tail  is  heterocercal. 

The  Polypieri,  of  which  several  species  are  known,  inhabit  the  Nile, 
Senegal,  and  other  African  rivers,  and  are  remarkable  for  the  peculiar 
structure  of  the  dorsal  fin  (fig.  244,  A),  which  is  broken  up  into  a  number 
of  separate  portions,  each  composed  of  a  single  spine  in  front,  with  a  soft 
fin  attached  to  it  behind.  They  belong  to  the  Crossopterygious  Ganoids, 
in  which  the  pectoral  fins  always,  and  the  ventral  fins  often,  consist  of  a 
central  lobe  or  stem,  which  is  covered  with  scales,  and  to  the  sides  ot 
which  the  fin-rays  are  attached.  Two  species  of  Polyptems  have  recently 
been  stated  to  possess  external  branchiae  when  young,  losing  them  when 
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fully  grown.  This  observation,  if  confirmed,  will  bring  the  Ganoids  into 
a  nearei-  relationship  with  the  Mud-fishes  {Lepidosi7-en).  Calamoichthys, 
also  from  the  rivers  of  Africa,  resembles  Polypteriis  in  most  respects,  but 
the  body  is  serpentiform,  and  there  are  no  ventral  fins.    Another  group 


Fig.  245.— A,  Lepidosteus  ossens,  the  "  Gar-Pike"  of  the  American  Lakes.  B,  Aspi- 
dorkytichns,  restored  (after  Agassiz).  A  Jurassic  Ganoid  allied  to  Lepidosteus,  but 
having  a  homocercal  tail. 

of  Lepidoganoids  is  formed  by  the  Trout-like  Amice  of  the  fresh  waters  of 
the  United  States,  in  which  the  scales  are  rounded  and  overlap  one  an- 
other, the  tail  is  slightly  heterocercal,  and  the  vertebral  column  is  ossified. 

The  section  Placoganoidei  includes  the  largest  and  best  known  of  all  the 
living  Ganoid  fishes— namely,  the  Sturgeons — and  it  also  contains  some 
highly  singular  fossil  forms.  The  sub-order  is  defined  by  the  fact  that 
the  skeleton  is  always  imperfectly  ossified,  and  often  retains  the  notochord, 
whilst  the  head  and  more  or  less  of  the  body  are  usually  protected  by 
large  ganoid  plates,  which  in  many  cases  are  united  together  at  their  edges 
by  sutures.    The  tail  is  heterocercal. 

The  family  Sturionidce,  or  ChondrosteidcB,  comprises  the  various  species 
of  Sturgeon,  which  are  found  in  the  seas  of  the  northern  hemisphere, 
whence  they  ascend  the  great  rivers  for  the  purpose  of  spawning.  The 
vertebral  column  in  the  Sturgeon  remains  permanently  in  an  embiyonic 
condition.  The  notochord  is  persistent,  and  the  vertebral  centra  are  want- 
ing, but  the  neural  arches  of  the  vertebraj  reach  the  condition  of  cartilage. 
The  mouth  is  destitute  of  teeth,  and  the  head  (fig.  236,  B)  is  covered  with 
an  armour  of  large  ganoid  plates  joined  together  at  their  edges  by  suture. 
Rows  of  detached  ganoid  plates  also  occur  on  the  body.  The  various  species 
of  Sturgeon  attain  a  great  size,  one — the  Beluga — often  measuring  twelve  or 
fifteen  feet  in  length.  They  are  commercially  of  considerable  importance, 
the  swimming-bladder  yielding  most  of  the  isinglass  of  commerce,  whilst 
the  roe  is  largely  employed  as  a  delicacy  under  the  name  of  caviare.  In 
the  Paddle-fishes  {Spatularia)  the  skin  is  not  provided  with  an  exoskel- 
eton.  Both  Spatularia  and  Scapirhyjichns  are  found  in  the  rivers  of 
North  America ;  but  a  species  of  the  latter  has  recently  been  discovered 
in  Asia. 

Only  a  few  fossil  forms  belonging  to  the  SturionidcB  are  at  present  known  ; 
and  by  far  the  greater  number  of  extinct  Placoganoids  belong  to  the  family 
Ostracoslei,  established  by  Owen,  and  characterised  by  the  fact  that  the 
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head,  and  generally  the  anterior  part  of  the  trunk  as  well,  was  encased  in 
a  strong  armour  composed  of  numerous  large  ganoid  plates,  immovably 
joined  to  one  another.  The  posterior  extremity  of  the  body  was  more  or 
less  completely  unprotected,  and,  whilst  the  notochord  was  persistent,  the 
peripheral  elements  of  the  vertebroe — namely,  the  neural  and  ha;mal  spines 
— were  ossified.  The  following  are  the  more  remarkable  forms  belonging 
to  this  section  : — 

a.  Pterichthys. — This  is  one  of  the  most  singular  of  fossil  fishes,  and  was 
first  discovered  in  the  Old  Red  Sandstone  by  the  late  Hugh  Miller.  The 
whole  of  the  head  and  the  anterior  part  of  the  trunk  were  defended  by  a 
buckler  of  large  ganoid  plates,  those  covering  the  trunk  forming  a  back- 
plate  and  a  breast-plate,  articulated  together  at  the  sides. 

The  rest  of  the  body  was  covered  with  small  ganoid  scales  (fig.  247). 
A  small  dorsal  fin,  a  pair  of  ventrals,  a  pair  of  pectorals,  and  a  heterocercal 
tail-fin  were  present.  The  form  of  the  pectoral  fins  is  the  peculiar  char- 
acteristic of  Pterichthys.    These  were  in  the  form  of  two  long  cur\'ed 


Fig.  ia,(>.—Cephalaspis  Lyellii. 

spines,  something  like  wings'  covered  by  finely-tuberculated  ganoid  plates. 
From  their  form,  they  cannot  have  been  of  much  use  m  swimmmg ;  but  they 
probably,  as  suggested  by  Owen,  enabled  the  fish  to  shuffle  along  the  sandy 
bottom  of  the  sea,  if  left  dry  at  low  water. 


Fig.  247.— I.  Coccosteus  decipiens  ]  2.  Pterichthys  Milleri. 

b.  Pteraspis.-ln  most  respects  this  genus  was  not  unlike  i^W'^^^^f. 
but  it  did  not  possess  the  peculiar  pectoral  fins  of  the  latter.  Moie  than 
one  species  of  Pteraspis  have  been  found  m  the  Upper  S.lunan  Kocks 
(Ludliw),  and  are  as  yet  among  the  earliest  known  mdications  ot  ine 
appearance  of  the  great  sub-kingdom  Vertebrata  upon  the  globe. 
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c.  Cephalaspis  (fig.  246).— This,  agcain,  is  not  unlike  Pterichthys  in  many 
respects.  The  cephalic  buckler,  however,  has  its  posterior  angles  produced 
backwards,  so  as  to  give  it  the  shape  of  a  "saddler's  knife,"  whilst  the 
pectoral  limbs  have  not  the  form  of  spines. 

d.  Coccostciis  (fig.  247). — This  is  another  characteristic  genus  of  the  Old 
Red  Sandstone.  In  this  genus,  as  in  the  preceding,  there  is  a  cephalic 
buckler,  the  plates  of  which  are  covered  with  small  hemispherical  tubercles. 
The  notochord  was  persistent,  but  the  neural  and  haemal  spines,  and  the 
rays  of  the  dorsal  and  ventral  fins,  are  well  ossified.  A  large  heterocercal 
tail-fin  was  doubtless  present  as  well. 


Order  V.  Elasmobranchii  ( =  Selachia,  Miiller ;  Placoidei, 
Agassiz ;  Holocephali  and  Flagiostomi,  Owen). — This  order  in- 
cludes the  Sharks,  Rays,  and  Chimaerse,  and  corresponds  widi 
the  greater  and  most  typical  portion  of  the  Chondropterygida  or 
TCartilaginous  fishes  of  Cuvier.  The  order  is  distinguished  by 
the  following  characters  : — The  skull  and  lower  jaw  are  well 
developed,  hut  there  are  no  cranial  bones,  and  the  skull  consists  of 
:a  single  cartilaginous  box,  without  any  indication  of  sutures. 
The  vertebral  colunin  is  sometimes  composed  of  distinct  vertebrce, 
someti77ies  cartilaginous  or  sub-notochordal.  The  exoskeleton  is  in 
the  form  of placoid  granules,  tubercles,  or  spities.  There  are  two 
tiairs  of  fins,  representing  the  limbs,  and  supported  by  cartilaginous 
fin-rays;  and  the  ventral  fins  are  placed  far  back  near  the  amis. 
The  pectoral  arch  has  no  clavicle.  The  heart  consists  of  a  single 
auricle  and  ventricle,  and  the  bulbus  arteriosus  is  rhythmically 
fontractile,  is  provided  with  a  special  coat  of  st^'iated  muscular 
^bres,  and  is  furnished  with  several  transverse  rows  of  valves. 
The  gills  are  pouch-like. 

In  most  of  the  above  characters,  it  will  be  seen  at  once  that 
the  Elasmobranchii  agree  with  the  Ganoid  fishes,  especially  as 
regards  the  structure  of  the  heart.  The  following  points  of 
difference,  however,  require  more  special  notice : — 

I.  The  exoskeleton  is  what  is  called  by  Agassiz  "placoid." 
It  consists,  namely,  of  no  continuous  covering  of  scales  or 
^^anoid  plates,  but  of  more  or  less  numerous  detached  grains, 
-Libercles,  or  spines,  composed  of  bony  or  dentinal  matter,  and 
scattered  here  and  there  in  the  integument.  In  the  case  of  the 
Rays,  these_  placoid  ossifications  often  take  a  very  singular 
shape,  consisting  (fig.  230,  c)  of  an  osseous  or  cartilaginous 


CHAPTER  LVI. 


ELASMOBRANCHII  AND  DIPNOI. 


i 


476 


MANUAL  OF  ZOOLOGY. 


disc,  from  the  upper  surface  of  which  springs  a  sharp  recurved 
spine,  composed  of  dentine.  The  so-called  shagreen  "  of  the 
Dog-fishes  and  Sharks  is  composed  of  very  small  and  close-set 
tooth-like  processes  (fig.  230,  d).  At  other  times  the  placoid 
structures  are  developed  into  "  dermal  defences  "  or  "  ichthyo- 
doruhtes."  The  minute  structure  of  these  exoskeletal  struc- 
tures is  closely  or  entirely  similar  to  that  of  the  teeth.  In  some 
cases  the  exoskeleton  is  absent. 

II.  The  gills  are  fixed  and  pouch-like,  and  differ  very  mate- 
rially from  those  of  the  Bony  and  Ganoid  fishes.  In  the  case 
of  the  Sharks  and  Rays,  the  structure  of  the  gills  is  as  follows : 
— The  branchial  arches  are  fixed,  and  the  branchial  laminae 
are  not  only  attached  by  their  bases  to  the  branchial  arches, 
but  are  also  fixed  by  the  whole  of  one  margin  to  a  series  of 
partitions,  which  divide  the  branchial  chamber  into  a  number 
of  distinct  pouches  (fig.  248).    Each  partition,  therefore,  car- 


0  o 


Fig.  248.— A,  Head  of  Piked  Dog-fish  {S^inax),  showing  the  transverse  mouth  on 
the  under  surface  of  the  head,  and  the  apertures  of  the  gill-pouches.  B,  Diagram 
of  the  structure  of  the  gill-pouches :  o  o  External  apertures ;  i  i  Apertures  leading 
into  the  pharynx  ;  ^  j  Gill-sacs,  containing  the  fixed  gills. 


ries  a  series  of  branchial  laminae  attached  to  each  side  like 
the  leaves  of  a  book.  By  means  of  these  septa  a  series  of 
branchial  sacs  or  pouches  are  formed,  each  of  which  opens 
internally  into  the  pharynx  by  a  separate  slit,  and  communi- 
cates externally  with  the  water  by  a  separate  aperture  placed 
on  the  side  of  the  neck  (fig.  248,  B).  The  arrangement  of  the 
gills  being  such,  there  is,  of  course,  no  gill-cover,  and  no  bran- 
chiostegal  membrane  or  rays.  In  one  section  of  the  order, 
however — viz.,  the  Holocephali — though  the  internal  structure 
of  the  gills  is  the  same  as  the  above,  there  is  only  a  single 
branchial  aperture  or  gill-slit  externally,  and  this  is  protected 
by  a  rudimentary  operculum  and  branchiostegal  rays. 

III.  Another  character  in  the  Elasmobranchii,  shared,  how- 
ever, by  many  of  the  Ganoids,  is  the  structure  of  the  intestmal 
canal.  The  intestine  is  extremely  short ;  but,  to  compensate 
for  this,  there  is  a  peculiar  folding  of  the  mucous  membrane, 
constituting  what  is  known  as  the  "  spiral  valve."    The  mucous 
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membrane,  namely,  from  the  pylorus  to  the  anal  aperture,  is 
folded  into  a  spiral  reduplication,  which  winds  in  close  coils 
round  the  intestine,  like  the  turns  of  a  screw.  By  this  means 
the  absorptive  surface  of  the  intestine  is  enormously  increased, 
and  its  shortness  is  thus  compensated  for. 

It  is  to  be  noted  that  some  high  authorities  are  in  favour 
of  the  view  that  the  Elasmohranchii  are  to  be  regarded  as  a 
distinct  class,  and  not  as  merely  an  order  of  the  class  Pisces. 

The  order  Elasmobranchii  is  divided  into  two  sub-orders — 
the  Holocephali,  characterised  by  the  mouth  being  terminal  in 
position,  and  there  being  only  a  single  gill-sht ;  and  the  F/agw- 
stomi,  in  which  the  mouth  is  transverse,  and  placed  on  the 
under  surface  of  the  head  (fig.  248,  A),  and  there  are  several 
branchial  apertures  on  each  side  of  the  neck. 

Sub-order  A.  Holocephali. — This  sub-order  includes  cer- 
tain curious  fishes,  of  which  the  only  living  forms  are  the 
Chimceridcz.  The  notochord  is  persistent;  but  the  neural 
arches  and  transverse  processes  are  cartilaginous.  The  jaws 
are  bony,  and  are  covered  by  broad  plates  representing  the 
teeth,  of  which  there  are  four  upper  and  two  lower.  The  exo- 
skeleton  consists  of  placoid  granules.  The  first  ray  of  the 
anterior  dorsal  fin  is  in  the  form  of  a  powerful  defensive  spine, 
like  the  "  ichthyodorulites  "  of  many  fossil  fishes.  The  ventral 
fins  are  abdominal,  and  the  tail  is  heterocercal.  There  is  only 
a  single  external  gill-aperture,  covered  with  a  gill- cover  and 
branchiostegal  membrane ;  but  only  a  small  portion  of  the 
borders  of  the  branchial  laminae  is  free.  The  mouth  is  placed 
at  the  extremity  of  the  head. 

The  best-known  living  representative  of  the  sub-order  is  the  Chifjicera 
monstrosa  (fig.  249,  B),  commonly  knoM^n  as  the  "king  of  the  Herrings." 
In  ChimcBra  there  is  only  one  apparent  gill-slit,  but  the  gills  really  adhere 
to  the  integument  by  a  large  portion  of  their  borders,  and  there  are  conse- 
quently five  holes  communicating  with  the  gill-sHt.  A  rudimentaiy  oper- 
culum is  present,  covered  by  the  skin.  In  the  closely-allied  Callorhynchus 
from  the  South  Seas,  there  is  a  large  fleshy  appendage  at  the  end  of  the 
snout.  In  the  Secondary  and  Tertiary  Rocks  are  found  several  fossil 
forms,  constituting  the  genera  Edaphodus,  Elasviodtts,  and  Ischiodus. 

Sub-order  B.  Plagiostomi. — This  sub-order  is  of  consider- 
ably greater  importance,  as  it  includes  the  well-known  Sharks 
and  Rays.  The  vertebral  centra  are  usually  more  or  less  ossi- 
fied, and  even  when  quite  cartilaginous,  the  centra  are  marked 
out  by  distinct  rings.  The  skull  is  in  the  form  of  a  cartila- 
ginous capsule,  without  distinct  cranial  bones.  The  mouth  is 
transverse,  and  is  placed  on  the  under  surface  of  the  head 
(fig.  248,  A).    The  exoskeleton  consists  of  placoid  granules, 
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tubercles,  or  spines.  The  branchial  sacs  open  externally  by 
as  many  distinct  apertures  as  there  are  sacs,  and  there  is  no 


Fig.  249. — Plagiostomi  and  Holocephali.    A,  White  Shark  {Carcharias) ; 
B,  Ckitncera  monstrosa,    (After  Gosse.) 


operculum.  A  pair  of  tubes  proceed  from  the  pharynx  to  open 
on  the  upper  surface  of  the  head  by  two  apertures,  which  are 
termed  "  spiracles,"  and  which  are  sometimes  regarded  as  the 
homologues  of  the  Eustachian  tube  and  external  meatus  audi- 
torius  (Wyman).  By  means  of  these  water  can  be  admitted 
to  the  pharynx,  and  thence  to  the  gills. 

By  Professor  Owen  the  Plagiostomi  are  divided  into  three  sections, 
termed  respectively  the  Cestraphori,  the  Sclachii,  and  the  Batides. 

a.  Cestraphori. — In  this  division  there  is  a  strong  spine  in  front  of  each 
dorsal  fin,  and  the  back  teeth  are  obtuse  (fig.  250).  The  only  living  repre- 
sentatives of  this  group  are  the  Port  Jackson  Shark  [Cestracion  Philippi), 
and  some  allied  forms,  characterised  by  their  pavement  of  plate-like  crush- 
ing teeth,  adapted  for  comminuting  small  Molluscs  and  Crustaceans.  They 
are  exclusively  inhabitants  of  the  Pacific  Ocean,  and  are  remarkable  for  theit 
close  resemblance  to  a  large  group  of  extinct  forms,  of  M'hich  the  best  known 
are  the  genera  Hybodus  and  Acrodits  from  the  Secondary  Rocks. 

b.  Selachii. — This  group  comprises  the  formidable  Sharks  and  Dog- 
fishes, and  is  characterised  by  the  lateral  position  of  the  branchia;  on  the 
side  of  the  neck,  and  by  the  fact  that  the  pectoral  fins  have  their  ordinary 
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form  and  position,  and  their  anterior  ends  are  not  connected  with  the  skull 
by  cartilages.  The  skull  also  has  a  median  facet  for  the  first  vertebra. 
The  Dog-fishes  are  of  common  occurrence  in  British  seas,  but  are  of  little 
value.    Their  egg-cases  are  frequently  cast  up  on  our  shores,  and  are 


Fig.  250.— Upper  jaw  of  Port  Jackson  Shark  {Cestracion),  showing  the  pavement  of 
crushing  teeth.    One  half  the  natural  size.    (After  Owen.) 

familiarly  known  as  ' '  Mermaid's  purses. "  The  embryo  possesses  external 
branchiae,  developed  both  from  the  spiracle  and  the  branchial  arches  ;  but 
these  structures  disappear  in  the  course  of  growth.  The  true  Sharks  are 
not  infrequently  found  in  various  European  seas,  but  they  are  mostly 
inhabitants  of  warmer  waters.  One  of  the  largest  is  the  "  White  Shark  " 
{Carcharias  vulgaris),  which  attains  a  length  of  over  thirty  feet  (fig.  249, 
A).  The  body  in  the  Sharks  {Squalidm)  is  not  rhomboidal,  but  is  elon- 
gated ;  the  nostrils  are  placed  on  the  under  side  of  the  snout,  and  the  teeth 
are  arranged  in  several  rows,  of  which  the  outermost  alone  is  employed, 
the  inner  ones  serving  to  replace  the  former  when  worn  out. 

c.  Batides. — This  group  includes  the  Rays  and  Skates,  and  is  distin- 
guished by  the  fact  that  the  branchial  apertures  are  placed  on  the  under 
surface  of  the  body,  forming  two  rows  of  openings  a  little  behind  the 
mouth.  In  the  typical  members  of  the  group  the  body  is  flattened  out  so 
as  to  form  a  kind  of  rhomboidal  disc  (fig.  25 1 ),  the  greater  part  of  which 
is  made  up  of  the  enormously-developed  pectoral  fins.  The  pectoral  fins 
are  united  by  cartilage  with  the  skull,  and  there  is  no  median  facet  upon, 
the  occiput  for  articulation  with  the  first  vertebra.  Upon  the  upper 
surface  of  the  disc  are  the  eyes  and  spiracles  ;  upon  the  lower  surface  are 
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the  nostrils,  mouth,  and  branchial  apertures.  The  flattened  bodies  of  the 
Rays,  however,  must  be  carefully  distinguished  from  those  of  the  Flat- 
fishes {PleuronectidcB).  In  the  former  the  flat  surfaces  of  the  body  are 
truly  the  dorsal  and  ventral  surfaces.    In  the  latter,  as  before  remarked, 

the  body  is  flattened,  not  frorn 
above  downwards,  but  from  side 
to  side,  and  the  head  is  so  twist- 
ed that  both  eyes  are  brought 
to  one  side  of  the  body.  The 
tail  in  the  Rays  is  long  and 
slender,  usually  armed  with 
spines,  and  generally  with  two 
or  three  fins  (the  homologues  of 
the  dorsal  fins).  The  mouth 
is  paved  with  flat  teeth,  of  a 
more  or  less  rhomboidal  shape. 

The  typical  members  of  the 
Batides  are  the  Skates  and  Rays, 
of  which  the  common  Thorn- 
back  [Rata  clavata)  may  be  taken 
as  a  familiar  example.  More 
remarkable  than  the  common 
Rays  is  the  Electric  Ray  or 
Torpedo,  which  has  the  power 
of  discharging  electrical  shocks, 
if  irritated.     The  identity  of 
the  force  produced  in  this  way 
with  the  electricity  of  the  ma- 
Fig.  251.— Batides.   Raia  viarginata,  one  of  chine  has  been  demonstrated  by 
the  Skates.     Reduced  one   sixth.     (After   many  careful  experiments.  The 
Gosse.)  Torpedo  owes  its  remarkable 

power  to  two  special  organs — 
the  ' '  electrical  organs, "  which  consist  of  two  masses  placed  on  each  side 
of  the  head,  and  consisting  each  of  numerous  vertical  gelatinous  columns, 
separated  by  membranous  septa,  and  richly  furnished  with  nerves  from  the 
eighth  pair  ;  the  whole  arrangement  presenting  a  singular  resemblance  to 
the  cells  of  a  voltaic  battery.  There  is  no  doubt,  however,  but  that  the 
force  which  is  expended  in  the  production  of  the  electricity  is  only  nerve- 
force.  For  every  equivalent  of  electricity  which  is  generated,  the  fish  loses 
an  equivalent  of  nervous  energy  ;  and  for  this  reason  the  production  of 
the  electric  force  is  strictly  limited  by  the  amount  of  nerve-force  possessed 
by  the  animal. 

Other  well-known  members  of  the  family  are  the  Sting-rays  [Trygoii)^ 
the  Eagle-rays  {Myliobatis),  the  Horned  Rays  (Cephaloptera),  and  the 
Beaked  Rays  {Rhinobatis). 

In  the  Saw-fish  (Pristis  antiquoruni)  the  body  has  not  the  typical  flat* 
tened  form  of  the  Rays,  and  the  snout  is  elongated  so  as  to  form  a  longi 
sword-like  organ,  the  sides  of  which  are  furnished  with  strong  tooth-like 
spines.  This  constitutes  a  powerful  weapon,  with  which  the  Saw-fish 
attacks  the  largest  marine  animals. 

Before  leaving  the  Elasjjiobranchii,  a  few  words  may  be  said  as  to  their 
position  in  the  class  of  fishes.  From  the  cartilaginous  nature  of  the  en- 
doskeleton,  and  the  similarity  between  the  form  of  their  gills  and  tliose 
of  the  Lampreys  and  Myxinoids,  the  Elasmobranchii  were  long  placed  low 
down  in  the  scale  of  fishes,  to  which  also  the  permanently  heterocercal  tail 
conduced.    When  we  come,  however,  to  take  into  consideration  the  sum 
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of  all  their  characters,  there  can  be  little  hesitation  in  placing  the  order 
nearly  at  the  summit  of  the  entire  class.  The  nervous  system,  and  especi- 
ally the  cerebral  mass,  is  very  much  more  highly  developed  proportion- 
ately than  is  the  case  with  any  other  division  of  the  fishes.  The  organs  of 
sense  are,  comparatively  speaking,  of  a  very  high  grade  of  organisation, 
the  auditory  organs  being  more  than  ordinarily  elaborate,  the  eyes  being 
sometimes  furnished  with  a  third,  eyelid  {nmnbrana  nictitans),  and  the 
nasal  sacs  having  a  very  complex  structure.  The  structure  of  the  heart 
agrees  with  that  of  the  Ganoids,  and  is  a  decided  advance  upon  the  heart 
of  the  more  typical  bony  fishes.  Finally,  the  embryo,  before  its  exclusion 
from  the  egg,  is  furnished  with  external  filamentous  branchiae,  this  being  a 
decided  approximation  to  the  Amphibia. 

Order  VI.  Dipnoi  ( =  Protopteri,  Owen). — This  order  is  a 
small  one,  and  includes  no  other  living  forms  than  Mud-fishes 
[Lepidosi7'en  and  Ceratodics) ;  but  it  is  nevertheless  of  great 
importance  as  exhibiting  a  distinct  transition  between  the  fishes 
and  the  Amphibia.  So  many,  in  fact,  and  so  striking,  are  the 
points  of  resemblance  between  the  two,  that  until  recently  the 
Lepidosiren  (fig.  252)  was  always  made  to  constitute  the  lowest 
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Fig.  252. — Dipnoi.    Lepidosiren  ctHnectcns. 


lass  of  the  A7nphibia.    The  highest  authorities,  however,  now 
oncur  in  placing  it  amongst  the  fishes,  of  which  it  constitutes, 
ith  Ceratodus,  the  highest  order.    The  ordtx  Dip7ioi  is  defined 
y  the  following  characters  : — The  body  is  fish-like  in  shape. 
There  is  a  skull  with  distinct  crariial  bones  and  a  lower  jaw,  but 
%e  notochord  is  persiste?it,  and  there  are  no  vertebral  centra,  nor 
~n  occipital  condyle.     The  exoskeleton  consists  of  horny,  overlap- 
ing  scales,  having  the  "  cycloid"  character.    The  pectoral  and 
entral  limbs  are  both  present,  but  have  (in  Lepidosiren)  the  form 
f  awl-shaped,  filiform,  many-jointed  organs,  of  which  the  former 
nly  have  a  membranous  fringe  inferiorly.  The  ventral  limbs  are 
ttached  close  to  the  anus,  and  the  pectoral  arch  has  a  clavicle ; 
ut  the  scapular  arch  is  attached  to  the  occiput.    In  Cera- 
'odus  (fig.  253)  the  pectoral  and  ventral  limbs  have  the  same 
brm  as  in  the  Crossopterygious  Ganoids.    The  hinder  extremity 
of  the  body  is  fringed  by  a  vertical  median  fin.     The  heart  has 
'wo  auricles  and  o?ie  vetitricle.    The  respiratory  organs  are  two- 
fold, cojisisting,  on  the  one  hand,  of  free  filamentous  gills  con- 
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tained  ijt  a  branchial  chamber,  which  opens  externally  by  a  single 
vertical  gill-slit ;  and,  on  the  other  hand,  of  true  lungs  in  the  form 
of  a  double  cellular  air-bladder,  communicatijig  with  the  esopha- 
gus by  meafis  of  an  air-duct  or  trachea.  The  branchicz  are  sup- 
ported upon  branchial  arches,  but  these  are  not  connected  with  the 
hyoid  bone  ;  and  in  some  cases,  at  any  rate,  rudimentary  external 
branchice  exist  as  well.  The  nasal  sacs  open  posteriorly  into  the 
throat. 

If  these  characters  are  examined  a  little  more  minutely,  it 
is  easy  to  point  to  those  in  which  the  Dipnoi  approach  the 
Fishes,  and  to  those  in  which  they  resemble  the  Amphibians. 
They  resemble  the  fishes  in  the  shape  of  the  body,  and  in  the 
possession  of  a  covering  of  horny  overlapping  scales  of  the  true 
cycloid  character ;  whilst  the  limbs  are  more  like  those  of  fishes 
than  of  reptiles.  The  fin,  also,  which  clothes  the  posterior 
extremity  of  the  body,  is  of  a  decided  fish-like  character.  The 
most  marked  piscine  feature,  however,  is  the  presence  of  free 
branchiae,  attached  to  branchial  arches,  and  placed  in  a  bran- 
chial cavity,  which  opens  internally  into  the  pharynx  by  a 
number  of  fissures,  and  communicates  externally  with  the  outer 
world  by  means  of  a  single  vertical  gill-slit. 

On  the  other  hand,  the  Dipnoi  approximate  to  the  Amphi- 
bians in  the  following  important  points : — The  heart  consists 
of  three  cavities,  two  auricles  and  a  single  ventricle.  True 
lungs  are  present,  with  a  trachea  and  glottis,  returning  their 
blood  to  the  heart  by  a  distinct  pulmonary  vein,  and  in  every 
respect  discharging  the  functions  of  the  lungs  of  the  higher 
Vertebrates.  It  is  true  that  the  lungs  of  the  Dipnoi  are  merely 
a  modification  of  the  swim-bladder  of  the  other  fishes,  but  the 
significance  of  the  change  of  function  is  not  affected  by  this. 
Lastly,  sometimes,  at  any  rate,  there  are  rudimentary  external 
branchiae  placed  on  the  side  of  the  neck.  This  feature,  as  will 
be  seen  shortly,  is  characteristic  of  all  the  Amphibians,  either 
permanently  or  in  their  immature  state. 

Upon  the  whole,  then,  whilst  for  the  purposes  of  systematic 
classification  the  Dipnoi  must  be  placed  amongst  the  Fishes, 
it  is  not  to  be  forgotten  that  many  of  their  characters  are  those 
of  a  higher  class,"and  that  they  may  justly  be  looked  upon  as 
a  connecting  link,  or  transitional  group,  between  the  two  great 
divisions  of  the  Fishes  and  the  Amphibians. 

As  regards  their  distribution  and  mode  of  life,  two  species 
at  least  of  Lepidosiren  are  known — the  L.  paradoxa  from  the 
Amazon,  and  the  L.  annectens  from  the  Gambia.  They  both 
inhabit  the  waters  of  marshy  tracts,  and  are  able  in  the  dry 
season  to  bury  themselves  in  the  mud,  forming  a  kind  o 
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chamber,  in  which  they  remain  dormant  till  the  return  of  the 
rains.  Recently  there  has  been  discovered  in  the  rivers  of 
Queensland  (Australia)  a  fish  which  has  been  described  under 
the  name  of  Ceratodus  Fosteri,  and  which  would  appear  to  be 
very  closely  related  to  the  Lepidosiren.  This  singular  fish  (fig. 
253) — the  "Barraniunda"  of  the  natives — is  from  three  to  six 


Fig.  2$-^— Ceratodus  Fosteri,  the  Australian  Mud-fish,  reduced  in  size. 


feet  long,  and  has  the  body  covered  with  large  cycloid  scales, 
a  species  with  smaller  scales  having  been  described  as  C.  viio- 
lepis.  The  skeleton  is  notochordal,  all  the  bones  remaining 
permanently  cartilaginous.  There  is  a  well-developed  opercu- 
lum, but — as  in  Lepidosiren — no  branchiostegal  rays.  The 
tail  is  homocercal,  and  the  pectoral  and  ventral  fins  are  sup- 
ported by  a  median,  many-jointed,  cartilaginous  rod,  with 
numerous  lateral  branches  on  each  side.  The  heart  consists 
of  a  single  auricle  and  ventricle,  with  a  "  Ganoid "  bulbus 
arteriosus.  There  are  five  branchial  arches,  of  the  Teleostean 
type,  but  cartilaginous.  The  swim-bladder  is  single,  composed 
of  two  symmetrical  halves,  cellular  in  structure,  with  a  pneu- 
matic duct  and  glottis,  as  in  Lepidosiren.  The  intestine  has  a 
spiral  valve,  and  there  are  no  pyloric  caeca.  There  are  two 
molar  teeth  in  each  jaw,  having  the  form  of  flattened  undu- 
lated plates  of  bone,  singularly  like  the  teeth  of  Ceratodjis 
from  the  Trias  (fig.  254).   ^The  Ceratodi  employ  these  crush- 


Fig.  254. — A,  Dental  plate  of  Ceratodus  serratus,  Keuper  ;  B,  Dental  plate  of 
Ceratodus  altus,  Keuper.    (After  Agassiz.) 

ing  teeth  in  the  mastication  of  vegetable  matter,  upon  which 
they  feed;  and  they  are  stated  to  leave  the  streams  which 
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they  inhabit,  at  night  time,  in  order  to  betake  themselves  to 
the  marshy  flats  in  the  vicinity,  where  they  obtain  an  abun- 
dant supply  of  food. 

Upon  the  whole,  Dr  Giinther  concludes  that  the  Dipnoi  are 
to  be  regarded  as  a  simple  sub-order  of  Ganoids,  and  that  the 
entire  order  Ganoidei  may  be  united  with  Elasmobranchii 
into  a  single  order,  called  Palceic/it/iyes,  characterised  by  havinr^ 
a  "  heart  with  a  contractile  bulbus  arteriosus,  intestine  with  a 
spiral  valve,  and  optic  nerves  non-decussating." 


CHAPTER  LVII. 

DISTRIBUTION  OF  FISHES  IN  TIME. 

The  geological  history  of  fishes  presents  some  points  of  pe- 
culiar interest.    Of  all  the  classes  of  the  great  sub-kingdom 
Verteb?'ata,  the  fishes  are  the  lowest  in  point  of  organisation. 
It  might  therefore  have  been  reasonably  expected  that  they 
would  present  us  with  the  first  indications  of  vertebrate  life 
upon  the  globe ;  and  such  is  indeed  the  case.    After  passing 
through  the  enormous  group  of  deposits  known  as  the  Lauren- 
tian,  Huronian,  Cambrian,  and  Lower  Silurian  formations— 
representing  an  immense  lapse  of  time,  during  which,  so  far 
as  we  yet  know  with  certainty,  no  vertebrate  animal  had  been 
created — we  find  in  the  Upper  Silurian  rocks  the  first  traces 
of  fish.    The  earliest  of  these,  in  Britain,  is  found  in  the  base 
of  the  Ludlow  rocks  (Lower  Ludlow  Shale),  and  belongs  to 
the  placoganoid  genus  Pteraspis.    Also  in  the  Ludlow  rocks, 
but  at  the  summit  of  their  upper  division,  are  found  fin-spines 
and  shagreen,  probably  belonging  to  Cestraciont  fishes— that 
is  to  say,  to  fishes  of  as  high  a  grade  of  organisation  as  the 
Elasmobranchii.    So  abundant  are  the  remains  of  fishes  in  the 
next  great  geological  epoch — namely,  the  Devonian  or  Old 
Red  Sandstone — that  this  period  has  frequently  been  desig- 
nated the  "Age  of  Fishes."    Most  of  the  fishes  of  the  Old 
Red  Sandstone  belong  to  the  order  Ganoidei,  but  the  order  | 
Dipnoi  appears  to  be  also  represented.    In  the  Carboniferous  I 
and  Permian  rocks  which  close  the  Palaeozoic  period,  most  | 
of  the  fishes  are  still  Ganoid,  but  the  former  contain  the  re- 
mains of  many  Elasmobranchii.    At  the  close  of  the  Palreozoic 
and  the  commencement  of  the  Mesozoic  epoch,  the  Ganoid 
fishes  begin  to  lose  that  predominant  position  which  tliey 
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before  occupied,  though  they  continue  to  be  represented 
through  the  Avhole  of  the  Mesozoic  and  Kainozoic  periods  up 
to  the  present  day.  The  Ganoids,  therefore,  are  an  instance 
of  a  family  which  has  endured  through  the  greater  part  of 
geological  time,  but  which  early  attained  its  maximum,  and 
has  been  slowly  dying  out  ever  since.  Towards  the  close  of 
the  Mesozoic  period  (in  the  Cretaceous  period)  the  great 
family  of  the  Teleostean  or  Bony  fishes  is  for  the  first  time 
known  certainly  to  have  made  its  appearance.  The  families 
of  the  Marsipobranchii  and  Fharyngobranchii  have  not  left,  so 
far  as  is  known,  any  traces  of  their  existence  in  past  time. 
Judging  from  analogy,  however,  it  is  highly  probable  that  both 
of  these  must  have  had  a  vast  antiquity,  and  it  is  not  im- 
possible that  the  so-called  "  Conodonts "  of  the  Palaeozoic 
period  may  yet  be  shown  to  be  the  teeth  of  fishes  allied  to  the 
Lampreys. 

Leaving  these  unrepresented  orders  out  of  consideration,  the 
following  are  the  chief  facts  as  to  the  geological  distribution  of 
the  other  great  groups  : — 

L  Ganoidei. — As  far  as  is  yet  known  with  certainty,  the 
oldest  representatives  of  the  fishes  belong  to  this  order.  The 
order  is  represented,  namely,  in  the  Upper  Silurian  rocks 
by  the  remains  of  at  least  four  genera.  In  the  Devonian 
rocks,  or  Old  Red  Sandstone,  the  Ganoids  attain  their  maxi- 
mum both  in  point  of  numbers  and  development.  The 
Placoganoid  division  of  the  order  is  represented  by  the 
singular  genera  Pterichthys  (fig.  247),  Cephalaspis  (fig.  246), 
Pteraspis  and  Coccosteus  {fig.  247).  The  Lepidoganoid  division 
of  the  order  is  now  also  abundantly  represented  for  the  first 
time,  the  genera  Dipterus,  Osteolepis  (fig.  244),  Glypiolepis, 
Holoptychiics,  Diplacatithus,  and  many  others,  belonging  to  this 
section.  As  regards  the  further  distribution  of  the  Placoga- 
noids,  the  section  of  the  Ostracostei,  characterised  by  the  great 
development  of  the  cephalic  buckler,  appears  to  have  died 
out  at  the  close  of  the  Devonian  period.  The  other  section, 
however — namely,  that  of  the  Sturionidce — is  represented  in 
the  Liassic  period  {Mesozoic)  by  the  genus  Chondrosteiis,  and 
in  the  Eocene  {Kainozoic)  by  a  true  Sturgeon,  the  Acipenser 
toliapiciis. 

The  Lepidoganoids  continue  from  the  period  of  the  Old  Red 
in  great  profusion,  and  they  are  represented  by  very  many 
genera  in  the  Carboniferous  and  Permian  rocks.  In  the  earlier 
portion  of  the  Mesozoic  period — i.  e.,  in  the  Lias  and  Trias — 
they  are  still  represented,  but  all  the  forms  are  as  yet  hetero- 
cercal.    In  the  Oolitic  rocks,  for  the  first  time,  Lepidoganoids 
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with  homocercal  tails  (fig.  245,  B)  appear,  and  they  continue 
to  be  represented  up  to  the  present  day. 

II.  Elasvwbranchii. — Like  the  Ganoidei,  the  great  order  of 
the  Sharks  and  Rays  is  one  of  vast  antiquity.  At  the  top  of 
the  Upper  Ludlow  rocks,  or  at  the  close  of  the  Upper  Silurian 
epoch,  there  have  been  discovered  the  remains  of  undoubted 
Plagiostomous  fishes,  mostly  nearly  allied  to  the  existing  Port 
Jackson  Shark  (^Ccstracioji  Philippi).  These  remains  consist 
chiefly  of  defensive  spines,  which  formed  the  first  rays  in  the 
dorsal  fins,  and  upon  these  the  genus  Onchus  has  been  founded. 
Besides  these  there  have  been  found  portions  of  skin  or 
"  shagreen,"  with  little  placoid  tubercles,  like  the  skin  of  a 
living  shark.  These  have  been  referred  to  the  genus  Sphagodiis. 
They  are  the  earliest-known  remains  of  Plagiostomous  fishes, 
and,  with  the  exception  of  the  few  remains  from  the  Lower 
Ludlow  rocks,  they  are  the  earliest-known  remains  of  fishes  in 
the  stratified  series.  The  discovery  of  these  remains,  at  that 
time  the  earliest  known  traces  of  Vertebrate  life,  is  due  to  the 
genius  of  Sir  Roderick  Murchison,  the  author  of  "Siluria." 


Fiff  2SS.-I.  Spine  of  PIe7irncanthus(o^^  of  the  Rays)  ;  2.  ^.J^'''^'!''''^'"!!, -V 
fanthus;  4.  Tool^oi  Pctalodus;  5.  Psammodns;  6.  Ctcnoptychtus.    All  from  ti.e 

Carboniferous  rocks. 

Most  of  the  fossil  Elasmobrancnii  htXox^Z  to  the  dij-ision 
Cestraphori  oi  Owen,  so  called  because  they  are  provided  witii 
the  large  fin-spines,  which  are  known  to  geologists  as  icliinyo- 
dorulites."    The  two  families  of  this  division— the  Cestracionts 
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and  Hybodonts  —  are  largely  represented  in  past  time,  the 
former  chiefly  in  the  Palaeozoic  period,  the  latter  chiefly  in 
the  Mesozoic  rocks.  Above  (fig.  255)  is  an  illustration  of 
the  "  ichthyodoruhtes "  and  teeth  of  some  of  the  Palaeozoic 
Cestraphori. 

The  true  Sharks  are  represented  in  the  later  Mesozoic 
deposits  {e.g.,  by  teeth  oi Notidanus  in  the  Oolites);  but  they 
are  chiefly  Tertiary.  The  teeth  of  Odonfaspis,  Galeocerdo,  and 
Carc/iarodon,  are  good  examples  from  the  Eocene.  The  true 
Rays  are  older  than  the  true  Sharks,  the  Carboniferous  fossil, 
Pleuracaiithus,  being  probably  the  spine  of  a  Ray  (fig.  255). 
Numerous  remains  of  Rays,  chiefly  in  the  form  of  the  pavement- 
like teeth,  are  known,  both  from  the  Secondary  and  Tertiary 
rocks.  The  last  division  of  the  Elasmobranchii — viz.,  that 
'  of  the  Holocephali  —  is  poorly  represented  in  past  time  by 
Mesozoic  and  Kainozoic  genera  such  as  Isc/iiodus,  Elasmo- 
dus,  Ganodus,  and  Edaphodus. 

III.  The  order  of  the  Dipnoi,  until  of  late  years,  Avas  not 
known  to  be  represented  in  past  time  at  all.  By  the  discovery, 
however,  of  the  Queensland  Ceratodi,  it  is  now  known  that  the 
Triassic  and  Jurassic  teeth  (fig,  254)  upon  which  the  genus 
Ceratodiis  was  originally  founded  by  Agassiz,  are  truly  refer- 
able to  Dipnoous  fishes,  mostly  closely  allied  to  the  living 
forms.  The  Devonian  Dipteriis  and  the  Carboniferous  Cte?iodus 
are  also  in  all  probability  to  be  referred  to  the  Dipnoi,  and  it 
is  very  possible  that  others  of  the  so-called  "Ganoids"  of  the 
Palaeozoic  period  will  ultimately  be  referred  here ;  so  that  this 
remarkable  order  is  now  known  to  have  had  a  very  wide  range 
in  time. 

IV.  The  Bo7iy  or  Teleostean  fishes  do  not  make  their  ap- 
pearance sooner  than  the  Cretaceous  period — that  is,  towards 
the  close  of  the  Mesozoic  epoch.  From  this  time  on,  how- 
ever. Bony  fishes  with  cycloid  or  ctenoid  scales  are  the  chief 
representatives  of  the  whole  class,  and  the  order  appears  to 
have  attained  its  maximum  in  our  present  seas. 
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CHAPTER  LVIII. 

CLASS  IL— AMPHIBIA, 

The  class  Amphibia  comprises  the  Frogs  and  Toads,  the  Sala- 
mandroids,  the  CcbcJHcb,  and  the  extinct  Labyrinthodonts,  and 
may  be  briefly  defined  as  follows : — As  is  the  case  with  the 
Fishes,  the  embryo  is  not  furnished  with  an  amnion,  and  the 
urinary  bladder  is  the  only  representative  of  the  allantois.  As 
in  Fishes,  also,  branchia  or  filaments  adapted  for  breathing  air 
dissolved  in  water  are  always  developed  upon  the  visceral  arches 
for  a  longer  or  shorter  time.  On  the  other  hand,  the  Amphibi- 
ans differ  from  the  Fishes  in  the  fact  that  true  Inn gs  are  always 
present  in  the  adult ;  the  limbs  are  never  converted  into  fins  ;  and 
when  median  fins  are  present,  as  is  sometimes  the  case,  these  are 
never  furnished  with  fin-rays.  The  limbs,  when  present,  exhibit 
in  their  skeleton  the  same  parts  as  do  the  limbs  of  the  higher 
Vertebrates.  The  skull  ahvays  articulates  with  the  vei'tebral 
column  by  means  of  two  occipital  condyles.  The  heart  consists  of 
two  auricles  and  a  single  ventricle.  The  nasal  sacs  communicate 
posteriorly  with  the  pharynx  ;  and  the  rectum,  U7'eters,  and  ducts 
of  the  reproductive  organs  open  into  a  common  chamber  or 
*Uloaca." 

The  great  and  distinguishing  character  of  the  Amphibia  is 
the  fact  that  they  undergo  a  metamorphosis  (rarely  concealed 
or  inconspicuous)  after  their  exclusion  from  the  egg.  They 
commence  life  as  water-breathing  larvse,  provided  with  gills  or 
branchise ;  but  in  their  adult  state  they  invariably  possess 
lungs — the  branchiae  in  the  higher  forms  disappearing  when 
Jthe  lungs  are  developed — but  being  in  other  cases  permanently 
retained  throughout  life. 

In  the  earliest  embryonic  condition  the  branchiae  are  exter- 
nal, placed  on  the  side  of  the  neck,  and  not  situated  in  an 
internal  chamber,  as  in  Fishes.  In  some  cases  the  external 
branchiae  only  are  present,  and  they  are,  in  any  case,  the  gills 
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which  are  retained  in  those  forms  in  which  the  branchiae  are 
permanent  {Ferennibranchtata).  In  the  tailed  Amphibians 
( Urodela),  and  in  the  Frogs  and  Toads  {Anoura)  two  sets  of 
gills  are  developed— an  external  set,  which  is  very  soon  lost, 
and  an  internal  set,  which  is  retained  for  a  longer  or  shorter 


Fig.  2s(>.—Ati02(ra.    Hyla  leucoteettia,  one  of  the  Tree-frogs  (after  Gunther). 


period.  As  maturity  is  approached,  true  lungs  adapted  for 
breathing  air  are  developed.  The  development,  however,  of 
the  lungs  varies  with  the  completeness  with  which  aerial  res- 
piration has  to  be  accomplished ;  being  highest  in  those  forms 
which  lose  their  gills  when  grown  up  {Cadiicibranchiata),  and 
lowest  in  those  in  which  the  branchi^  are  retained  throughout 
life  {PereJitiibrafichiaia). 

In  accordance  with  the  change  from  an  aquatic  or  branchial 
to  a  more  or  less  completely  aerial  or  pulmonary  mode  of 
respiration,  considerable  changes  are  effected  in  the  course 
and  distribution  of  the  blood-vessels.  In  the  larval  condition, 
when  the  respiration  is  entirely  effected  by  means  of  the  gills, 
the  circulation  is  carried  on  very  much  as  it  is  in  Fishes. 
The  heart  is  composed  of  a  single  auricle  and  ventricle,  and 
the  blood  is  propelled  through  a  bulbus  arteriosus  and  bran- 
chial artery  to  the  gills.  The  aerated  blood  is  then  collected 
in  the  branchial  veins,  and  instead  of  being  returned  to  the 
heart,  is  forthwith  propelled  to  all  parts  of  the  body,  the  de- 
scending aorta  being  formed  out  of  the  branchial  veins.  _  At 
this  stage,  therefore,  the  heart  is  a  branchial  one,  and  the  single 
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contraction  of  the  heart  is  sufficient  to  drive  the  blood  through 
both  the  branchial  and  systemic  circulations,  just  as  we  saw 
was  permanently  the  case  with  all  the  Fishes  except  the 
Dipnoi.  The  pulmonary  arteries  are  at  first  very  small,  and 
take  their  origin  from  the  last  pair  of  branchial  arteries.  When 
the  lungs,  however,  are  developed,  and  the  respiration  com- 
mences to  be  aerial,  the  pulmonary  arteries  increase  propor- 
tionately in  size,  and  more  and  more  blood  is  gradually 
diverted  from  the  gills  and  carried  to  the  lungs,  so  that  the 
branchiae  suffer  a  proportionate  diminution  in  size.  In  those 
Amphibians  in  which  branchiae  are  permanently  retained 
{Perennibranchiatd),  this  state  of  affairs  remains  throughout 
life — that  is  to  say,  a  portion  of  the  venous  blood  is  sent  by 
the  pulmonary  artery  to  the  hmgs,  and  a  portion  goes  to  the 
gills.  In  those  Amphibians,  however,  in  which  the  adult 
breathes  by  lungs  alone  {Cadticibrajtchiata),  further  changes 
ensue.  In  these  the  pulmonary  arteries  increase  so  much  in 
size  that  they  ultimately  divert  all  the  blood  from  the  branchiae, 
and  these  organs,  having  fulfilled  their  temporary  function, 
become  atrophied  and  disappear.  The  vessels  which  return 
the  aerated  blood  from  the  lungs  (the  pulmonary  veins)  increase 
in  size  proportionately  with  their  increased  work,  and  ultimately 
come  to  open  into  a  second  auricle  formed  at  their  point  of 
union.  The  heart,  therefore,  of  the  Amphibia  in  their  adult 
state  consists  of  two  auricles  and  a  common  ventricle.  The  right 
auricle  receives  the  venous  blood  from  the  body,  and  the  left 
receives  the  arterial  blood  from  the  lungs,  and  both  empty  their 
contents  into  the  single  ventricle.  As  in  Reptiles,  therefore, 
the  ventricular  cavity  of  the  heart  in  adult  Amphibians  contains 
a  mixed  fluid,  partly  venous  and  partly  arterial,  and  from  this 
both  the  body  and  the  lungs  are  supplied  with  blood. 

The  larval  Amphibians  are  furnished  with  a  more  or  less 
extensively  developed  caudal  appendage  or  tail,  which  may  or 
may  not  be  retained  throughout  life.  In  the  so-called  "  tailed  " 
Amphibians,  such  as  the  Newts,  the  larval  tail  is  permanently 
retained  (fig.  257);  whereas  in  the  "Tail-less  "  forms,  such  as 
the  Frogs  (fig.  256),  the  tail  is  absorbed  before  maturity  is 
attained.  In  a  few  cases,  it  seems  questionable  if  the  larv^ 
possess  branchiae,  and  there  is  no  metamorphosis  properly  so 
called,  since  the  young  animal  resembles  the  adult  in  all 
except  size  almost  immediately  after  exclusion  from  the  egg 
In  one  of  these  cases  {Hylodes)  the  larval  tail  appears  to  offici- 
ate as  a  breathing-organ,  before  emergence  from  the  egg,  but 
is  absorbed  within  the  first  day  after  hatching.  In  other 
cases,  again— in  Pipa  and  Nototrcma—\\\OM^\  a  metamor- 
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phosis  takes  place,  this  is  completed  before  the  young  animal 
begins  to  lead  a  free  existence. 

The  endoskeleton  of  the  Amphibia  is  generally  well  ossified, 


Fig.  257.— Tailed  Amphibians.    A,  Siren  lacertina;  B,  Amphinma,  showing  the  four 
minute  limbs  ;  C,  Menobranchns  viaculaUis.    (After  Mivart.) 


and  the  skull  possesses  two  occipital  condyles.  The  vertebrse 
are  biconcave  or  amphicoelous  (as  in  Fishes)  in  Proteus^  Cacil- 
ians,  and  most  of  the  extinct  Labyrinthodonts.  In  the  Sala- 
manders and  Surinam  Toads  the  vertebrae  are  opisthocoelous, 
but  most  of  the  other  Amphibians  have  procoelous  vertebrae. 
The  length  of  the  vertebral  column  is  greatly  reduced  in  the 
tail-less  forms,  and  the  number  of  vertebrse  is  correspondingly 
small.  The  sacrum  is  seldom  composed  of  more  than  one 
vertebra,  and  there  are  often  no  separately-ossified  ribs.  In  the 
Tailed  Amphibians  and  the  Caecilians,  however,  there  are  well- 
developed  ribs,  which  are  never  supplemented  in  front  by 
sternal  ribs,  though  a  cartilaginous  or  partially-ossified  sternum 
may  be  present. 

Limbs  may  be  entirely  wanting  (as  in  the  Caecilians  and 
some  of  the  Labyrinthodonts) ;  but  all  the  other  members  of 
the  class  possess  both  pairs  of  limbs,  with  the  exception  of  the 
genus  Siren,  in  which  the  pelvic  limbs  are  wanting  (fig.  257). 

The  skin  is  mostly  soft,  moist,  and  richly  provided  with 
glands;  the  Caecilians  have  mostly  small  rounded  horny 
scales  imbedded  in  the  integument,  and  the  extinct  La  by- 
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rinthodonts  possessed  a  ventral  armour  of  bony  scales.  In- 
tegumentary ossifications  are  also  developed  in  some  other 
cases  {e.g.,  Ceratophrys). 

As  regards  the  digestive  system  of  the  Amphibia  there  is 
little  to  say,  except  that  the  rectum  opens,  as  it  does'  in  Rep- 
tiles, into  a  common  chamber  or  "  cloaca,"  into  which  are  also 
discharged  the  secretions  of  the  kidneys  and  generative  organs. 
A  liver,  gall-bladder,  spleen,  and  pancreas  are  always  present. 
Singular  pulsating  cavities,  belonging  to  the  lymphatic  system, 
and  known  as  "  lymph-hearts,"  are  also  present  in  the  higher 
Amphibians,  The  alimentary  canal  is  much  longer  in  the  lar- 
val Amphibians  than  in  the  adult.  A  tongue  may  or  may  not 
be  present,  but  there  are  no  salivary  glands.  Teeth  are 
usually  developed  in  the  vomer,  prgemaxillse,  maxillae,  and 
'  mandible,  and  are  generally  disposed  in  the  upper  jaw  in  the 
form  of  two  concentric  semicircles.  In  the  larvae  of  the  Frogs 
and  Toads  the  front  of  the  maxillae  and  mandible  are  encased 
)  in  a  horny  beak. 

i  A  urinary  bladder  is  present,  opening  into  the  cloaca,  and 
1  there  are  well-developed  kidneys.  The  ducts  of  the  reproduc- 
I  tive  organs  communicate  with  the  urinary  ducts.   The  ova  are 

V  usually  impregnated  outside  the  body ;  but  internal  impregna- 

'  tion  occurs  in  some  of  the  Urodela. 


CHAPTER  LIX. 

ORDERS  OF  AMPHIBIA. 

The  Amphibia  are  usually  divided  by  modern  writers  into 
four  orders,  the  old  order  Lepidota,  comprising  the  Lepidosireji, 
being  now  placed  at  the  head  of  the  Fishes,  under  the  name 
of  Dipnoi.  Whilst  there  is  a  general  agreement  as  to  the 
number  and  characters  of  the  Amphibian  orders,  the  names 
employed  to  designate  them  are  very  various,  and  it  really 
matters  little  which  are  adopted. 

Order  I.  Ophiomorpha,  Owen  Gymnophiona,  Huxley; 
Apoda,  Pe7'oincla,  Ophidobatrachia)  : — Serpentiform  01-  vermi- 
form Affiphibians,  without  limbs ;  anus  terminal;  skin  mostly 
with  homy  scales  imbedded  in  it.    Eyes  rudimentary  or  absent. 

This  is  a  small  order,  including  only  certain  snake-like, 
vermiform  animals  (fig.  258)  which  are  found  in  various  tropi-, 
cal  countries,  burrowing  in  marshy  ground,  something  like 
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gigantic  earth-worms.  They  form  the  family  CcEciliadcB  (so 
called  by  Linnaeus  from  their  supposed  blindness),  and  are 


Fig.  258. — Ophiomorpha.  a  Sipkonops  anmilatus,  one  of  the  Csecilians,  much  reduced; 
h  Head  ;  c  Mouth,  showing  the  tongue,  teeth,  and  internal  openings  of  the  nostrils; 
d  Tail  and  cloacal  aperture.    (After  Dumeril  and  Bibron.) 

characterised  by  their  snake-like  form,  and  by  having  the  anus 
placed  almost  at  the  extremity  of  the  body.  The  body  is 
cylindrical  and  worm-like,  and  is  completely  destitute  of  limbs. 
The  skin  is  glandular,  naked,  and  viscous,  thrown  into  numer- 
ous folds,  and  containing  numerous  delicate,  rounded,  horny 
scales,  which  are  dei'mal  in  their  character,  and  are  wanting  in 
Siphonops  annulatus.  The  mandibular  rami  are  short,  and  are 
united  in  front  by  a  symphysis.  The  teeth  are  long,  sharp, 
and  generally  recurved ;  and  a  row  of  palatine  teeth  forms  a 
concentric  series  with  the  maxillary  teeth.  The  tongue  is 
fleshy,  fixed  to  the  concavity  of  the  lower  jaw,  and  not  protru- 
sible  (fig.  258).  The  ribs  are  numerous,  but  there  is  no 
sternum.  The  adult  possesses  lungs,  one  of  which  is  smaller 
than  the  other,  and  the  nose  opens  behind  into  the  mouth. 
The  eyes  are  rudimentary,  nearly  concealed  beneath  the  skin, 
or  altogether  wanting. 

The  position  of  the  Ccecili(z  was  long  doubtful ;  but  their 
Amphibian  character  was  ultimately  proved  by  the  discovery 
that  whilst  the  adult  breathes  by  lungs,  the  young  possess  in- 
ternal branchiae,  communicating  with  the  external  world  by  a 
branchial  aperture  on  each  side  of  the  neck.  In  addition  to 
the  presence  of  branchiae  in  the  larva,  the  Cascilians  are  further 
connected  with  the  Amphibia  by  their  possession  of  a  double 
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occipital  condyle  and  of  a  glandular  skin ;  whilst  they  approach 
the  Fishes  in  generally  having  small  horny  scales  imbedded  in 
the  integument,  and  in  the  fact  that  the  vertebrse  are  amphicoe- 
lous,  and  the  cavities  formed  by  their  apposition  are  filled  with 
the  gelatinous  remains  of  the  notochord.  As  regards  their  dis- 
tribution in  space,  the  species  of  Cacilia  are  found  in  India, 
Africa,  and  South  America ;  Siphoiiops  and  Rhinatrema  are 
exclusively  American;  and  Epicriwn  is  exclusively  Asiatic. 

Order  II.  Urodela  ( =  Ichthyomorpha,  Owen  ;  Sauro- 
batrachia). — This  order  is  commonly  spoken  of  collectively 
as  that  of  the  "  Tailed  "  Amphibians,  from  the  fact  that  the 
larval  tail  is  always  retained  in  the  adult.  The  Urodela  are 
characterised  by  having  the  skin  naked,  and  (except  in  Sala- 
jnandra  ufiguiculata)  destUute  of  any  exoskeleton.  The  body  is 
'elongated  posteriorly  to  form  a  compressed  or  cylitidrical  tail, 
which  is  permanently  retained  throughout  life.  The  dorsal  ve?- 
tebrcB  are  biconcave  {amphicoelous),  or  concave  behind  and  convex 
in  front  {ppisthocozlous),  and  they  have  short  libs  attached  to  the 
transverse  processes.  The  bones  of  the  fore-arm  {radius  and  ulna) 
on  the  one  hand,  aftd  those  of  the  shank  {tibia  and  fibula)  07i  the 
other,  are  not  anchylosed  to  form  single  bones. 

In  one  section  of  the  order — formerly  called  Amphipneusta 
— the  gills  are  retained  throughout  life,  and  the  animal  is  there- 
:  fore  "  perenni branchiate."  In  this  section  are  the  Proteus, 
Siren,  Menobranchus,  &c.  In  the  remaining  members  of  the 
order  the  gills  disappear  at  maturity,  and  the  animal  is  there- 
fore "  caducibranchiate."  In  this  section  are  the  land  and 
water  salamanders.  One  form,  however  —  the  Axolotl  of 
Mexico — appears  to  be  sometimes  caducibranchiate,  though 
generally  perennibranchiate.  The  genera  Amphiuma  and 
Menopo7na,  also,  exhibit  a  partially  intermediate  state  of  parts ; 


Fig.  239. — Head  and  fore-part  of  the  body  of  Proteus  anptinus,  showing  the 
external  branchiae  and  tridactylous  fore-limb. 

for  though  they  lose  their  branchije  when  adult,  they  never- 
theless retain  the  branchial  apertures  behind  the  head. 

Of  the  perennibranchiate  Urodela,  one  of  the  best  known 
IS  the  singular  Proteus  {Hypochthon)  anguinus  (fig.  259),  which 
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is  only  found  inhabiting  pools  in  certain  caves  in  Illyria  and 
Dalmatia.    It  is  ol  a  pale  flesh-colour,  or  nearly  white,  with 

three  pairs  of  scarlet  branchiae 
on  each  side  of  the  neck.  It 
attains  a  length  of  about  a 
foot,  and  has  two  pairs  of 
weak  limbs,  of  which  the  an- 
terior have  three  toes,  and  the 
posterior  only  two.  From  its 
habitat,  the  power  of  vision 
must  be  quite  unnecessary, 
and,  as  a  matter  of  fact,  the 
eyes  are  altogether  rudiment- 
ary, and  are  covered  by  the 
skin.  Several  varieties  oi Pro- 
teus are  known,  and  the  one 
figured  above  has  been  de- 
scribed as  a  distinct  species 
{P.  xanthostictus).  The  blood- 
corpuscles  in  Proteus  are  oval 
in  shape,  and  are  larger  than 
those  of  any  other  vertebrate 
animal. 

Of  the  Sirenidce,  the  most 
familiar  are  the  Sirens  and 
the  Axolotls.  The  Siren,  or 
Mud-eel  (fig.  257,  A),  is  found 
abundantly  in  the  rice-swamps 
of  South  Carolina,  and  attains 
a  length  of  three  feet.  The 
branchije  are  persistent,  and 
the  hinder  pair  of  legs  wholly 
wanting.  Two  other  species 
are  known,  but  they  are  like- 
wise confined  to  North  Ame- 
rica. 


Fig.  260. — The  Axolotl  [Siredon  pisci- 
forme)  —  after  Tegetineier.  The  ordi- 
nary form,  with  persistent  branchiae. 


The  Mexican  Axolotl  {Sire- 
don pisciforme,  fig.  260)  is  a 
native  of  the  Mexican  lakes,  and  attains  a  length  of  about  a  foot 
or  fourteen  inches.  It  possesses  both  pairs  of  limbs,  the  anterior 
pair  having  four  toes,  and  the  hinder  pair  five  toes.  As  ordi- 
narily known  in  its  native  country,  the  Axolotl  is  certainly 
perennibranchiate,  and  they  breed  in  this  condition  freely. 
There  is  no  doubt,  however,  that  individual  specimens  may 
lose  their  gills,  without  thereby  suffering  any  apparent  change, 
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except  it  be  one  of  colour.  The  Axolotl,  therefore,  is  in  the 
singular  position  of  being  sometimes  "  caducibranchiate 
whilst  it  IS  ordinarily  "  perennibranchiate.  Nearly  allied 
to  the  Axolotl  is  the  Menobra7ichus  (fig.  257,  C)  of  North 
America,  in  which  the  branchiae  are  persistent.  Amphiuma 
(ficr  257  B)  and  Metiopoma,  as  already  remarked,  differ  from 
the  forms  just  mentioned  in  losing  the  gills  when  adult,  but  m 
retaining  the  external  branchial  apertures  on  the  side  of  the 
neck.  The  former  is  exclusively  North  American,  whilst  the 
latter  is  represented  by  different  but  nearly-related  species  m 
both  North  America  and  Java,  Both  possess  the  normal 
two  pairs  of  limbs.  The  Javanese  species  {Menopoma  maxima) 
has  the  gill-slit  closed  in  the  adult.  It  is  about  three  feet  long, 
and  is  the  nearest  living  relative  of  the  extinct  Andrias. 

In  the  second  section  of  the  Urodela,  comprising  those  forms 
in  which  the  gills  are  caducous,  and  both  pairs  of  limbs  are 
always  present,  are  the  Water-salamanders  or  Tritons,  and  the 
Land-salamanders.    The  Tritons  are  the  only  examples  of  the 


Fig.  261. — Great  Water-newt  (Triton  cristaUis) — after  Bell. 

aquatic  Salamanders  which  occur  in  Britain,  and  every  one, 
probably,  is  acquainted  with  the  common  Newt. 

The  Water-salamanders  or  Newts  (fig.  261)  are  distinguished 

*  Professor  Marsh  of  New  Haven  has  recently  shown  that  the  Siredon 
lichenoides  of  the  western  States  of  America,  when  kept  in  confinement, 
loses  its  gills,  and  dorsal  and  caudal  fins,  whilst  it  changes  much  in  colour, 
and  undergoes  various  minor  modifications  in  structure.  Its  habits,  also, 
become  less  aquatic,  and  it  becomes  apparently  absolutely  identical  with 
Amblyslotna  mavoriinm,  a  Salamandroid.  This  discovery  has  thrown  con- 
siderable doubt  upon  the  value  of  the  distinction  between  perennibranchiate 
and  caducibranchiate  Amphibians,  and  has  rendered  it  probable  that  all 
the  species  of  Siredon  are  merely  larval  Salamanders,  as  long  ago  suspected 
by  Cuvier.  At  the  same  time,  the  Axolotls  certainly  breed  freely  whilst  in 
possession  of  their  branchiir,  and  there  is  as  yet  no  proof  that  they  lose 
their  gills  whilst  in  a  state  of  nature.  It  is,  in  fact,  still  uncertain  whether 
all  the  species  ai  Sh'cdon  are  merely  larval  stages  oi  Amblystoma,  or  whether 
all  the  Ainblystoma  possess  a  larval  Siredon-%\.'&.^t. 
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from  the  terrestrial  forms  by  being  furnished  with  a  compres- 
sed fish-hke  tail,  and  by  being  strictly  oviparous.  The  larvse 
are  tadpole-like,  with  external  branchiae,  which  they  retain  till 
about  the  third  month.  The  adult  is  destitute  of  gills,  and 
breathes  by  lungs  alone,  but  the  larval  tail  is  retained  through- 
out the  life  of  the  animal.  The  tongue  is  small,  free,  and 
pointed  behind,  and  there  are  two  rows  of  palatine  teeth.  The 
fore-feet  are  four-toed,  the  hind-feet  five-toed ;  and  the  males 
have  a  crest  on  the  back  and  tail. 

The  development  of  the  Newts  is  so  like  that  of  the  Frogs 
that  it  is  unnecessary  to  dilate  further  upon  it  here ;  but  there 
are  these  two  points  of  difference  to  be  noticed : — isf/y,  That 
the  embryonic  tail  is  not  cast  off  in  the  adult ;  and,  2dfy,  That 
the  fore-limbs  appear  externally  sooner  than  the  hind-limbs — 
the  reverse  of  this  being  the  case  amongst  the  Anoura. 

The  Land-salamanders  form  the  genus  Salamandra,  and  are 
distinguished  from  their  aquatic  brethren  by  having  a  cylindri- 
cal instead  of  a  compressed  tail,  and  by  bringing  forth  their 
young  alive,  or  by  being  ovo-viviparous,  in  which  case  the 
larvae  have  sometimes  shed  their  external  branchiae  prior  to 
birth.  The  head  is  thick,  the  tongue  broad,  and  the  palatine 
teeth  in  two  long  series.  The  skin  is  warty,  with  many  glands 
secreting  a  watery  fluid.  The  best-known  species  is  the  S. 
maculosa  of  Southern  Europe.  Another  species  {S.  alpina) 
lives  upon  lofty  mountains.  The  chief  thing  to  remember 
about  the  Land-salamanders,  and,  indeed,  about  all  the  Uio- 
dela,  is  their  complete  distinctness  from  the  true  Lizards 
{Lacertilia).  They  are  often  completely  lizard -like  in  form 
when  adult,  but  they  always  .possess  gills  in  the  earlier  stages  • 
of  their  existence,  and  this  distinguishes  them  from  all  the  • 
Lacertilians. 

Order  III.  Anoura  Batrachia,  Huxley;  Thcriomorpha, . 
Owen  ;  Chelonobatrachia^  Batrachia  salioitia,  &c.) — This  order  ■ 
includes  the  Frogs  and  Toads,  and  is  perhaps  best  designated  . 
by  the  name  of  Anoura,  or  "Tail-less"  Amphibians.  The? 
name  Batrachia,  employed  by  Huxley,  is  inexpedient,  partly/ 
because  it  is  used  by  Owen  to  designate  the  entire  class  Am-  ■ 
phibia,  and  partly  because,  in  common  language,  it  is  usual  to  ^ 
understand  by  a  "  Batrachian  "  any  of  the  higher  Amphibians  > 
— such,  for  instance,  as  a  Labyrinthodont. 

The  Anotira,  or  Tail-less  Amphibians,  are  characterised  by^ 
the  following  points  '.—The  adult  is  destitute  of  both  gills  and^. 
tail,  both  of  which  structures  exist  in  the  latva,  whilst  the  two\ 
pairs  of  limbs  are  ahvays  present.  The  skin  is  soft,  and  there 
are  rarely  any  traces  of  an  exoskeleton.     The  dorsal  vertebra 
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are  promloiis"  or  concave  in  front,  and  are  furnished  7vith 
lo7ig  transverse  processes,  7vhich  take  the  place  of  ribs,  zahich 
are  only  present  in  a  rudimentary  form.  The  radius  and  ulna 
in  the  fore-limb,  and  the  tibia  and  fibula  in  the  hind-limb,  are 
anchylosed  to  form  single  bones  (fig.  262).    The  mouth  is  some- 


Fig.  262. — Skeleton  of  the  common  Frog  {Rana  iemporarid).    d  Dorsal  vertebrae, 
with  long  transverse  processes. 

times  edentulous,  hut  tne  tipper  jaw  has  usually  small  teeth,  and 
the  lower  Jaw  sometimes.  The  hind-liinbs  usually  have  the  digits 
webbed  for  swimming,  and  are  generally  much  larger  and  longer 
than  the  fore-li7nbs.  The  vertebral  column  is  short  (of  ten  ver- 
tebra in  the  Frogs,  but  only  eight  in  Fipa).  The  tongue  is  soft 
and  fleshy,  not  supported  by  an  os  hyoides,  but  fixed  to  the 
symphysis  of  the  lower  jaw  in  front. 

In  the  adult  Anotira,  respiration  is  purely  aerial,  and  is  car- 
ried on  by  means  of  lungs,  which  are,  comparatively  speaking, 
well  developed.  As  there  are  no  movable  ribs  by  which  the 
thoracic  cavity  can  be  expanded,  the  process  of  respiration  is 
somewhat  peculiar.  The  animal  first  closes  its  mouth,  and 
fills  the  whole  buccal  cavity  with  air  taken  in  through  the 
nostrils.  The  posterior  nares  are  then  closed,  and  by  the  con- 
traction of  the  muscles  of  the  cheeks  and  pharynx  the  inspired 
air  is  forcibly  driven  into  the  windpipe  through  the  open 
glottis.  The  process,  in  fact,  is  one  of  swallowing;  and  it.  is 
possible  to  suffocate  a  frog  simply  by  holding  its  mouth  open. 
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and  thereby  preventing  the  performance  of  the  above-men- 
tioned actions.  There  can  be  no  doubt,  also,  that  the  skin  in 
these  animals  plays  a  very  important  part  in  the  aeration  of 
the  blood,  and  that  the  frogs  especially  can  carry  on  their 
respiration  cutaneously,  without  the  assistance  of  the  lungs, 
for  a  very  lengthened  period.  This  undoubted  fact,  however, 
should  not  lead  to  any  credence  being  given  to  the  often-re- 
peated stories  of  the  occurrence  of  frogs  and  toads  in  cavities 
in  solid  rock,  no  authenticated  instance  of  such  a  phenomenon 
being  as  yet  known  to  science. 

The  young  or  larvae  of  the  Frogs  and  Toads  are  familiarly 
known  as  "  Tadpoles."  The  ova  of  the  Frog  are  deposited  in 
masses  in  water,  and  the  young  form,  upon  exclusion  from  the 
egg,  presents  itself  as  a  ''tailed"  Amphibian,  completely  fish- 
like in  form,  with  a  broad  rounded  head,  a  sac-like  abdomen, 
and  a  compressed  swimming-tail  (fig.  263,  a).     Behind  the 


Fig.  263.— Development  of  the  common  Frog  {R ana  temporaria).  a  Tadpole  viewed 
from  above,  showing  the  external  branchiae  (g) ;  b  Side  view  of  a  somewhat  older 
specimen,  showing  the  fish-like  tail ;  c  Older  specimen,  in  which  the  hind-legs  have 
appeared  ;  d  Specimen  in  which  all  the  limbs  are  present,  but  the  tail  has  not  been 
wholly  absorbed.    (After  Bell.) 

mouth  are  placed  little  "  holders  "  or  organs  of  adhesion  ;  and 
the  upper  and  lower  jaws  acquire  horny  sheaths  and  con- 
stitute a  kind  of  beak.  There  are  at  first  two  sets  of  gills,  one 
external  and  the  other  internal.  The  external  branchiae  (fig. 
263,  a)  have  the  form  of  filaments  attached  to  the  side  of  the 
neck,  and  they  disappear  very  shortly  after  birth.  The  inter- 
nal branchi^  are  attached  to  cartilaginous  arches,  Avhich  are 
connected  with  the  hyoid  bone,  and  they  are  contamed  in  a 
^ill-cavity,  protected  by  a  flap  of  integument,  which  differs 
from  the  gill-cover  of  fishes  in  never  developing  any  opercular 
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bones  or  branchiostegal  rays.  Within  the  branchial  chamber 
thus  formed  the  fore-Hmbs  are  budded  forth,  but  the  hmd-limbs 
are  the  first  to  appear  externally,  instead  of  the  fore-Hmbs  as 
is  the  case  with  the  Urodela.  Even  after  the  first  appearance 
of  the  limbs,  the  tail  is  still  retained  as  an  instrument  of  pro- 
gression ;  but  as  the  limbs  become  fully  developed,  the  tail  is 
gradually  absorbed  (fig.  263,  d\  until  in  the  adult  it  has  wholly 
disappeared. 

The  development  of  the  Frog  is  thus  a  good  illustration  ot 
the  general  zoological  law  that  the  transient  embryonic  stages 
of  the  higher  members  of  any  division  of  the  animal  kingdom 
are  often  represented  by  the  permanent  condition  of  the  lower 
members  of  the  same  division.  Thus  the  transitory  condition 
of  the  young  Frog  in  its  earliest  stage,  when  the  branchiae  are 
external,  is  permanently  represented  by  the  adult  perenni- 
branchiate  Urodela,  such  as  the  Proteus  or  the  Siren.  The 
final  stage,  again,  when  the  gills  have  disappeared  and  the 
limbs  have  been  developed,  but  the  tail  has  not  been  wholly 
absorbed,  is  represented  by  the  caducibranchiate  Urodela,  such 
as  the  common  Newt.  In  some  of  the  Tree-frogs,  however, 
there  appears  to  be  no  true  metamorphosis.  Thus  in  the  larvae 
of  Hylodes  the  branchiae  are  absent  or  evanescent,  the  anterior 
and  posterior  limbs  are  developed  contemporaneously,  and  the 
tail  is  absorbed  within  the  first  day  after  emergence  from  the  egg. 

The  order  Afioura  comprises  a  considerable  number  of 
forms,  but  may  be  divided  into  the  three  principal  sections  of 
the  PipidcB,  Bufonidce,  and  RanidcB.  In  the  Pipidce,  or  Surinam 
Toads,  there  are  rarely  teeth,  and  the  mouth  is  destitute  of  a 
tongue.  A  singular  and  hideous  species  {^Pipa  Americana)  i? 
the  best  known,  and  it  inhabits  Brazil  and  Surinam.  In  this 
curious  Amphibian  the  eggs  are  placed  by  the  male  on  the 
back  of  the  female,  in  the  soft  integument  of  which,  in  cell-like 
cavities,  the  eggs  are  hatched  and  the  young  developed.  In 
the  aberrant  form  Dactylethra  the  upper  jaw  is  furnished  with 
small  teeth,  and  the  three  inner  toes  of  the  hind-feet  are  fur- 
nished with  nails,  as  is  the  case  with  no  other  Amphibian, 
except  Salaniandra  ungtiiciclata  amongst  the  U'odela.  This 
curious  form  is  found  at  the  Cape  of  Good  Hope  and  in 
Mozambique. 

In  the  Toads,  or  Bufonidce,  a  tongue  is  present,  but  the 
jaws  are  not  armed  with  teeth.  The  tongue  agrees  with  that 
of  the  Frogs  in  being  fixed  to  the  front  of  the  mouth,  whilst  it 
is  free  behind,  so  that  it  can  be  protruded  for  some  distance 
from  the  mouth.  In  one  Toad  only  [Rhijiophrynus)  is  there  a 
tongue  which  is  free  in  front.    The  hind-limbs  are  not  dispro- 
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portionately  developed,  whilst  the  toes  are  only  imperfectly 
webbed,  and  the  toes  of  the  fore-limb  are  free.  The  skin  is 
warty  and  glandular.  The  common  Toad  {Bufo  vulgaris)  is 
an  excellent  example  of  this  family.  The  Natter-jack  Toad  is 
the  only  other  British  species,  but  about  fifty  other  forms  are 
known,  of  which  many  are  American. 

In  the  Ranidce.  the  tongue  has  the  same  form  as  rn  the 
Toads,  but  the  upper  jaw  always  carries  teeth.  The  hind- 
limbs  are  much  larger  than  the  fore-limbs,  and  are  fitted  for 
leaping,  whilst  the  toes  are  webbed.  The  toes  of  the  fore- 
limbs  are  free.  The  common  Frog  {Rana  temporaria)  is  a 
good  example  of  the  typical  RanidcB.  This  familiar  species 
(fig.  264)  is  found  over  nearly  the  whole  of  Europe,  North 


Fig.  264. — The  common  Yxo%[Raiia  temporaria). 

Africa,  Northern  Asia,  ana  North  America.    It  hibernates,  . 
passing  its  winter  sleep  buried  in  mud  at  the  bottom  of  ponds.  . 
Larger  than  the  common  Frog  is  the  Eatable  Frog  (Rana  • 
csculentd)  of  Europe,  and  larger  again  than  this  is  the  Bull-frog  . 
{Rana  pipiens)  of  North  America.    The  Tree-frogs  {HylidtB) 
are  adapted  for  a  wholly  different  mode  of  life,  having  the  toes  « 
of  all  the  feet  furnished  with  terminal  suckers,  by  the  help  of 
which  they  climb  with  ease.    They  are  mostly  found  in  wann 
countries,  especially  in  America,  but  one  species  {Hyla  arborcd) 
is  European. 

Order  IV.  Labyrinthodontia. — The  members  of  this, 
the  last  order  of  the  Amphibia,  are  entirely  extinct.  They 
were  Batrachians,  probably  most  nearly  allied  to  the  Urodela, 
but  all  of  large  size,  and  some  of  gigantic  dimensions,  the  skull 
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of  one  species  {Labyrinthodon  JcRgeri)  being  upwards  of  three 
feet  in  length  and  two  feet  in  breadth.  The  Labyrinthodon ts 
were  first  known  to  science  simply  by  their  footprints,  which 
were  found  in  certain  sandstones  of  the  age  of  the  Trias. 
These  footprints  consisted  of  a  series  of  alternate  pairs  of 
hand-shaped  impressions,  the  hinder  print  of  each  pair  being 
much  larger  than  the  one  in  front  (fig.  265).    So  like  were 


Fig.  2£5.— Footprints  of  a  Labyrinthodont  {CheirotJierimti). 


these  impressions  to  the  shape  of  the  human  hand,  that  the 
unknown  animal  which  produced  them  was  at  once  christened 
Cheirotherium,  or  "Hand-beast."  Further  discoveries,  how- 
ever, soon  showed  that  the  footprints  of  C/ieirotherium  had 
been  produced  by  different  species  of  Batrachians,  to  which 
the  name  of  Labyrinthodonts  was  applied,  in  consequence  of 
the  complex  microscopic  structure  of  the  teeth. 

The  Labyrinthodonts  were  "  salamandriform,  with  relatively 
Aveak  limbs  and  a  long  tail "  (Huxley).  The  vertebral  centra 
and  arches  were  ossified,  and  the  bodies  of  the  dorsal  vertebrae 
are  biconcave  (amphicoelous).  "  In  the  thoracic  region  three 
superficially  sculptured  exoskeletal  plates,  one  median  and  two 
lateral,  occupy  the  place  of  the  interclavicle  and  clavicles. 
Between  these  and  the  pelvis  is  a  peculiar  armour,  formed 
of  rows  of  oval  dermal  plates,  which  lie  on  each  side  of  the 
middle  line  of  the  abdomen,  and  are  directed  obliquely  for- 
wards and  inwards  to  meet  in  that  line"  (Huxley). 

The  head  was  defended  by  an  external  covering  or  helmet 
of  hard  and  pohshed  osseous  plates,  sculptured  on  their  exter- 
nal surface,  and  often  exhibiting  pecuhar,  smooth,  symmetrical 
grooves — the  so-called  "mucous  canals."  The  skull  (fig.  267) 
was  articulated  to  the  vertebral  column  by  two  occipital  con- 
dyles. The  teeth  (fig.  266)  are  rendered  complex  by  numer- 
ous foldings  of  their  parietes,  giving  rise  to  the  "  labyrinthine  " 
pattern,  from  which  the  name  of  the  order  is  derived. 

There  appear  usually  to  have  been  both  pairs  of  limbs  de- 
veloped, but  some  forms  which  have  been  referred  here  (such 
as  Ophiderpetoji)  possessed  a  serpentiform  body,  and  seem  to 
have  been  apodal.  Little  is  known,  necessarily,  of  their  de- 
velopment, but  the  singular  genus  Archegosaurus  possessed 
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permanent  branchial  arches,  and  was,  therefore,  apparently 
perennibranchiate  (if  not  truly  a  larval  form),  whilst  its  noto- 


Tig.  266. — Section  of  the  tooth  Labyrinthodon  (^Masto-  Fig.  267. — a  Skull  of  Laby- 
uonsanrus)  Jcegeri,  showing  the  microscopic  structure.  rinthodonjeegeri,  much  re- 
Greatly  enlarged.    Trias.  duced  in  size ;  b  Tooth  of  the 

same.  Trias.  Wiirtemberg. 


chord  was  persistent,  and  simply  had  rings  of  osseous  matter 
deposited  in  it. 

As  to  their  distribution  in  time,  the  Labyrinthodonts  range 
from  the  Carboniferous  to  the  Trias,  inclusive,  being  most  : 
numerous  in  the  former  period,  but  attaining  their  maximum 
in  point  of  size  in  the  latter. 

Distribution  of  Amphibia  in  Time. — From  a  geological  . 
point  of  view,  by  far  the  most  important  of  the  Amphibia  are  ■ 
the  Labyrint/wdontia,  the  distribution  of  which  has  just  been  : 
spoken  of.    The  living  orders  of  Amphibia  are  of  much  more  - 
modern  date,  being,  with  the  exception  of  some  not  wholly 
certain  Urodelans,  wholly  Tertiary  and  Post-tertiary.  The 
Anoura  are  represented  by  both  Toads  and  Frogs  in  Miocene  . 
times,  and  they  have  survived  to  the  present  day.    The . 
"  Tailed"  Amphibians  are  best  known  to  geologists  by  a  sin- 
gular fossil,  which  was  described  by  its  original  discoverer  as  < 
human,  under  the  name  of  Homo  diluvii  testis.    The  fossil  in  n 
question  is  of  Miocene  age,  and  it  is  now  known  to  belong  to  ■ 
a  Salamander,  nearly  allied  to  the  giant  salamander  of  Java  .■ 
{Menopoma). 

Geinitz  has  given  the  name  of  Palceosiren  to  a  fossil  Am- 
phibian from  the  Permian,  which  he  believes  to  be  referable  to 
the  Urodela.    Gaudry,  under  the  title  of  Salamandrclla,  has: 


VERTEBRATA :  LITERATURE. 


also  described  certain  tailed  Amphibians  from  the  Permian, 
which  he  believes  to  be  true  Salamandroids  and  not  Labyrin- 
thodonts.  The  same  palaeontologist  also  suggests  that  the 
Carboniferous  genera  Raniceps  and  Apateon,  instead  of  being 
Labyrinthodonts,  are  really  referable  to  the  Urodela.^  Lastly, 
no  remains  of  Csecilians  have  as  yet  been  detected  in  a  fossil 
condition. 
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DIVISION  II—SAUROPSIDA. 


CHAPTER  LX. 

CLASS  III.—REPTILIA. 

The  second  great  division  of  the  Vertebrate  sub-kingdom,  ac- 
cording to  Huxley,  is  that  of  the  Sauropsida,  comprising  the 
true  Reptiles  and  the  Birds.    It  is,  no  doubt,  at  first  sight  an 
almost  incredible  thing  that  there  should  be  any  near  bond  of 
relationship  between  the  Birds  and  the  Reptiles,  no  two  classes 
of  animals  being  more  unlike  one  another  in  habits  and  exter- 
nal appearance.    It  is,  nevertheless,  the  fact  that  the  Birds 
are  more  nearly  related  to  the  Reptiles  than  to  any  other  class 
of  the  Vertebrata,  and  it  will  shortly  be  seen  that  many  affini- 
ties and  even  transitional  forms  are  known  to  exist  between 
these  great  sections.    The  Reptiles  and  Birds,  then,  may  be 
naturally  included  in  a  single  primary  section  of  Vertebrates, 
which  may  be  called  Sauropsida  after  Huxley,  and  which  is 
defined  by  the  possession  of  the  following  characters  : — At  no 
period  of  existence  are  branchiae,  or  water-breathing  respirator}' 
organs,  developed  upon  the  visceral  arches  ;  the  embryo  is 
furnished  with  a  well-developed  amnion  and  allantois ;  the  red 
corpuscles  of  the  blood  are  nucleated  (fig.  228,  b,  c) ;  the  skull 
articulates  with  the  vertebral  column  by  means  of  a  single 
articulating  surface  or  condyle  ;  and  each  half  or  "  ramus  "  of 
the  lower  jaw  is  composed  of  several  pieces,  and  articulates 
with  the  skull,  not  directly,  but  by  the  intervention  of  a  pecu- 
liar bone,  called  the  "  quadrate  bone/'  or  "  os  quadratum " 
(fig.  268).  .  , 

These  being  the  common  characters  of  Reptiles  and  Birds, 
by  which  they  are  collectively  distinguished  from  other  Verte- 
brates, it  remains  to  inquire  what  are  the  characters  by  which 
they  are  distinguished  from  one  another.  The  following,  then, 
are  the  characters  which  separate  the  Reptiles  from  the  Birds  : 
— The  blood  in  Reptiles  is  cold — that  is  to  say,  slightly  warmer 
than  the  external  medium — owing  mainly  to  the  fact  that  the 
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pulmonary  and  systemic  circulations  are  always_  directly  con- 
nected together,  either  within  the  heart  or  in  its  immediate 
neighbourhood,  so  that  the  body  is  supplied  with  a  mixture  of 
venous  and  arterial  blood,  in  place  of  pure  arterial  blood  alone. 
The  terminations  of  the  bronchi  at  the  surface  of  the  lung  are 
closed,  and  do  not  communicate  with  air-sacs,  placed  in  dif- 
ferent parts  of  the  body.  When  the  epidermis  develops  horny 
structures,  these  are  in  the  form  of  horny  plates  or  scales,  and 
never  in  the  form  of  feathers.  The  fore-limbs  are  formed  for 
various  purposes,  including  in  some  cases  even  flight,  but  they 
are  never  constructed  upon  the  type  of  the  "  wing  "  of  Birds. 
Lastly,  with  one  or  two  doubtful  exceptions,  whilst  the  ankle- 
joint  is  placed  between  the  distal  and  proximal  portions  of  the 
tarsus,  the  tarsal  and  metatarsal  bones  of  the  hind-limb  are 
never  anchylosed  into  a  single  bone. 

These  are  the  leading  characters  by  which  Reptiles  are  dis- 
tinguished from  Birds,  but  we  must  not  forget  the  other  dis- 
tinctive peculiarities  in  which  Reptiles  agree  with  Birds,  and 
differ  from  other  Vertebrates  —  namely,  the  presence  of  an 
amnion  and  allantois  in  the  embryo,  the  absence  of  branchiae 
at  all  times  of  hfe,  the  possession  of  only  one  occipital  condyle, 
and  the  articulation  of  the  complex  lower  jaw  with  the  skull 
by  means  of  a  quadrate  bone. 

It  is  now  necessary  to  consider  these  characteristics  of  the 
Reptilia  a  little  more  minutely.  The  class  includes  the  Tor- 
toises and  Turtles,  the  Snakes,  the  Lizards,  the  Crocodiles,  and 
a  number  of  extinct  forms ;  and,  with  the  exception  of  the  Tor- 
toises and  Turtles,  they  are  mostly  of  an  elongated  cylindrical 
shape,  provided  posteriorly  with  a  long  tail.  The  limbs  may 
be  altogether  absent,  as  in  the  Snakes,  or  quite  rudimentary, 
as  in  some  of  the  Lizards ;  but,  as  a  general  rule,  both  pairs  of 
limbs  are  present,  sometimes  in  the  form  of  ambulatory  legs, 
sometimes  as  swimming-paddles,  and  in  some  extinct  forms 
modified  to  subserve  an  aerial  life.  The  endoskeleton  is 
always  well  ossified,  and  is  never  cartilaginous  or  semi-carti- 
laginous, as  in  many  fishes  and  some  Amphibians.  The  skull 
articulates  with  the  atlas  by  a  single  condyle.  The  lower  jaw 
is  complex,  each  half  or  ramus  being  composed  of  from  four  to 
six  pieces,  united  to  one  another  by  sutures  (fig.  268).  In  the 
Tortoises,  however,  these  are  anchylosed  into  a  single  piece, 
and  the  two  rami  are  also  anchylosed.  In  most  reptiles,  how- 
ever, the  two  rami  of  the  lower  jaw  are  only  loosely  united — 
in  the  Snakes  by  ligaments  and  muscles  only,  in  the  Lizards 
by  fibro-cartilage,  and  in  the  Crocodilia  by  a  regular  suture. 
In  all,  the  lower  jaw  articulates  with  the  skull  by  a  quadrate 
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bone  (fig.  268,  ^7)  ;  and  as  this  often  projects  backwards,  the 
opening  of  the  mouth  is  often  very  extensive,  and  may  even 
extend  beyond  the  base  of  the  skull.  Teeth  are  usually  pres- 
ent, but  are  not  sunk  in  separate  sockets  or  alveoli,  except  in 
the  Crocodiles,  and  in  some  extinct  forms.  In  the  Tortoises 
and  Turtles  alone  of  living  types  there  are  no  teeth,  and  the 
jaws  are  simply  sheathed  in  horn,  constituting  a  kind  of  beak 
like  that  of  a  bird. 

As  regards  the  exoskeleton,  most  Reptiles  have  horny  epi- 


Fig.  268. — Skull  of  a  Serpent  [Python),    b  Articular  portion  of  the  lower  jaw  ; 
a  Quadrate  bone  ;  c  Squamosal  portion  of  the  temporal  bone. 

dermic  scales,  and  they  are  divided  into  two  great  sections  — 
called  respectively  Squamata  and  Loricata — according  as  the 
integumentary  skeleton  consists  simply  of  these  scales,  or  there 
are  osseous  plates  developed  in  the  derma  as  well.  In  the 
Tortoises,  the  epidermic  plates  unite  with  the  bony  exoskeleton 
and  with  the  true  endoskeleton  to  form  the  case  or  box  in 
which  the  body  of  these  animals  is  enclosed. 

The  digestive  system  of  the  Rcptilia  possesses  few  characters 
of  any  special  importance,  except  that  the  rectum  opens,  as 
in  Amphibia,  into  a  common  cavity  or  "  cloaca,"  which  not 
only  receives  the  fceces,  but  also  serves  for  the  discharge  of 
the  products  of  the  urinary  and  generative  organs. 

The  heart  in  the  Reptiles  consists  of  two  completely  separate 
auricles,  and  a  ventricular  cavity,  which  is  divided  into  two  by 
an  incomplete  partition.  In  the  Crocodilia  alone  is  the  septum 
between  the  ventricles  a  perfect  one;  and  even  in  these,  as  in 
all  other  Reptiles,  the  heart  consists  functio7ially  of  no  more 
than  three  chambers.  The  ordinary  course  of  the  circulation, 
where  the  ventricular  septum  is  imperfect,  is  as  follows : — The 
impure  venous  blood  returned  from  the  body  is,  of  course, 
poured  by  the  venae  cavae  into  the  right  auricle  (fig.  269,  a),  and 
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thence  into  the  ventricle.    The  pure  arterialised  and  aerated 
blood  that  has  passed  through  the  lungs,  is,  equally  of  course, 
poured  into  the  left  auricle  {a!), 
and  thence  propelled  into  the 
ventricle  (z^).    As  the  ventricular 
cavity  is  single,  and  not  divided 
by  a  complete  partition,  it  fol- 
lows of  necessity  that  there  is  a 
mixture  in  the  ventricle,  result- 
ing in  the  production  of  a  mixed 
fluid,  consisting  partly  of  venous 
and  partly  of  arterial  blood. 
This  mixed  fluid,  then,  occupies 
the  common  ventricular  cavity, 
and  by  this  it  is  driven  both  to 
the  lungs  (through  the  pulmonary 
artery),  and  to  the  body  (through 
the  systemic  aorta).  Conse- 
quently, in  Reptiles,  both  the 
lungs  and  the  various  tissues  and 
organs  of  the  body  are  supplied 
with  a  mixture  of  arterial  and 
venous  blood,  and  not  with  un- 
mixed blood — the  lungs  with 
purely  venous,  and  the  body  with 
purely  arterial  blood — as  is  the 
case  with  the  higher  Vei'tebrata. 
In  the  Crocodilia,  as  before  said, 
the  partition  between  the  ventri- 
cles is  a  complete  one,  and  con- 
sequently this  mixture  of  the 
arterial  and  venous  blood  can- 
not take  place  within  the  heart 
itself.    In  these  Reptiles,  how- 
ever, a  direct  communication  exists  between  the  pulmonary 
artery  and  aorta  (the  right  and  left  aortse)  by  the  so-called 
"foramen  PanizzDs,"  close  to  the  point  where  these  vessels 
spring  respectively  from  the  right  and  left  ventricle.    In  these 
Reptiles,  therefore,  the  same  mixture  of  arterial  blood  with 
venous  takes  place  as  in  the  lower  Reptilia,  though  probably 
not  to  so  complete  an  extent.    It  is  this  peculiarity  of  the 
circulation  in  all  Reptiles  which  conditions  their  low  tempera- 
ture, slow  respiration,  and  generally  sluggish  vital  actions. 

The  lungs  in  all  Reptiles,  except  the  Crocodiles,  are  less 
completely  cellular  than  in  the  Birds  and  Mammals,  and  they 


Fig.  26y. — Diagram  of  the  circulation  in 
Reptiles.  (The  venous  system  is  left 
light,  the  arterial  system  is  black,  and 
the  vessels  containing  mixed  blood  are 
cross-shaded.)  a  Right  auricle,  receiv- 
ing venous  blood  from  the  body ;  a' 
Left  auricle,  receiving  arterial  blood 
from  the  lungs  ;  v  Arterio-venous  ven- 
tricle, containing  mi.xed  blood,  which 
is  driven  by  (/)  the  pulmonary  artery 
to  the  lungs,  and  by  {p)  the  aorta  to 
the  body. 
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often  attain  a  very  great  size.  In  no  Reptile  is  the  cavity  of 
the  thorax  shut  off  from  that  of  the  abdomen  by  a  complete 
muscular  partition  or  "  diaphragm ; "  though  traces  of  this 
structure  are  found  in  the  Crocodiles.  The  lungs,  therefore, 
often  extend  along  the  whole  length  of  the  thoracico-abdominal 
cavity.  In  no  case  are  the  lungs  connected  with  air-receptacles 
situated  in  different  parts  of  the  body:  and  not  uncommonly 
there  is  only  a  single  active  lung,  the  other  being  rudimentary 
or  completely  atrophied  {Ophidia). 

Lastly,  all  Reptiles  are  essentially  oviparous,  but  in  some 
cases  the  eggs  are  retained  within  the  body  till  the  young  are 
ready  to  be  excluded,  and  the  animals  are  then  ovo-viviparous. 
The  egg-shell  is  usually  parchment-like,  but  sometimes  contains 
more  or  less  calcareous  matter. 


CHAPTER  LXI. 
DIVISIONS   OF  REPTILES. 
Chelonia  and  Ophidia. 


The  class  Reptilia  is  divided  into  the  following  ten  orders, 
of  which  the  first  four  are  represented  by  living  forms,  whilst 
the  remaining  six  are  extinct : — 

Chelonia  (Tortoises  and  Turtles) 


2.  (Snakes).  >  Recent 

3.  Lacertilia  (Lizards).  ( 

4.  Crocodilia  (Crocodiles  and  AUigators).  ) 

5.  Ichthyopterygia.  \ 

6.  Sauropterygia. 

7.  Anomodoiitia.  ^Extinct 

8.  Pterosaicria. 

9.  De'mosauria. 
ID,  Theriodoiitia. 

Order  I.  Chelonia.— The  first  order  of  living  Reptiles  is 
that  of  the  Chelonia,  comprising  the  Tortoises  and  Turtles,  and 
distinguished  by  the  following  characters:— 77i^;r  is  an  osseous 
exoskeleton  which  is  combined  with  the  endoskeleton  to  form  a 
kind  of  bony  case  or  box  in  which  the  body  of  the  animal  ts 
enclosed,  and  which  is  covered  by  a  leathery  skin,  or,  more 
usually,  by  horny  epidermic  plates.    The  dorsal  vertebra,  witn 
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the  exception  of  the  first,  are  imtnovahly  connected  together, 
and  are  devoid  of  transverse  processes.  The  ribs  are  greatly 
expanded  (fig.  271,  and  are  united  to  one  another  by  siititres, 
so  that  the  zvalls  of  the  thoracic  cavity  are  immovcible.  All 
the  bones  of  the  skull  except  the  lower  jaw  and  the  hyoid  bone  are 
immovably  united  together.  There  are  no  teeth,  and  the  jaws  are 
encased  in  horn  so  as  to  form  a  kind  of  beak.  The  tongue  is 
thick  and  fleshy.  The  heart  is  three-chambered,  the  veiitricular 
septum  being  imperfect.  There  is  a  large  urinary  bladder, 
and  the  anal  aperture  is  longitudinal  or  circular.  _  The  lungs 
are  voluminous,  and  respiration  is  by  swallowing  air,  as  in  the 
Frogs.  All  will  pass  prolonged  periods  mtliout  food,  and 
will  live  and  move,  even  for  months,  after  the  removal  of  the 
entire  brain  (Redi). 

Of  these  characters  of  the  Chelonia,  the  most  important  and 
distinctive  are  the  nature  of  the  jaws,  and  the  structure  of  the 
exoskeleton  and  skeleton.  As  regards  the  first  of  these  points, 
the  lower  jaw  in  the  adult  appears  to  consist  of  a  single  piece, 
its  complex  character  being  masked  by  anchylosis.  The  sepa- 
rate pieces  which  really  compose  each  ramus  of  the  jaw  are 
immovably  anchylosed  together,  and  the  two  rami  are  also 
united  in  front  by  a  true  bony  union.  There  are  also  no 
teeth,  and  the  edges  of  the  jaws  are  simply  sheathed  in  horn, 
constituting  a  sharp  beak.  In  the  Chelydidce  and  Trionycidce, 
however,  the  horny  jaws  are  covered  with  soft  skin,  constituting 
a  kind  of  lips.  As  regards  the  second  of  these  points,  the  bony 
case  in  which  the  body  of  a  Chelonian  is  enclosed  consists 
essentially  of  two  pieces,  a  superior  or  dorsal  piece,  generally 
convex,  called  the  "carapace,"  and  an  inferior  or  ventral  piece, 
generally  flat  or  concave,  called  the  "plastron."  The  carapace 
and  plastron  are  firmly  united  along  their  edges,  but  are  so 
excavated  in  front  and  behind  as  to  leave  apertures  for  the 
head,  tail,  and  fore  and  hind  limbs.  The  limbs  and  tail  can 
almost  always  be  withdrawn  at  will  under  the  shelter  of  the 
thoracico-abdominal  case  formed  in  this  way  by  the  carapace 
and  plastron,  and  the  head  is  also  generally  retractile. 

The  carapace  or  dorsal  shield  (fig.  270)  is  composed  of  the 
following  elements  : — 

I.  The  spinous  processes  of  the  dorsal  vertebrce,  which  are 
much  flattened  out  laterally  and  form  a  series  of  broad  plates, 
which  are  eight  in  number,  and  are  termed  the  "  neural  plates  " 
{n).  2.  The  ribs  {r  r)  are  united  with  broad  and  flattened 
plates  of  bone  {c'  c'),  which  are  connected  with  one  another 
by  lateral  sutures,  and  are  known  as  the  "costal  plates."  In 
some  cases,  however,  the  costal  plates,  instead  of  being  united 
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by  the  whole  of  their  lateral  margins,  leave  marginal  apertures 
towards  their  extremities,  and  these  openings  are  simnlv 
covered  by  a  leathery  skin  or  by  hornv  plates.    3.  The  mar 
gm  of  the  carapace  is  completed  by  a  series  of  bony  plates 
which  are  called  the  "marginal  plates"  (fig.  270,  m  m)  These 


are  variously  regarded  as  being  dermal  bones  belonging  to  the 
exoskeleton,  or  as  being  endoskeletal,  and  as  representing  the 
ossified  cartilages  of  the  ribs  (in  this  last  case  the  marginal 
plates  would  correspond  with  what  are  known  as  the  "  sternal 
ribs  "  of  Birds). 

The  "  plastron  "  or  ventral  shield  is  composed  of  a  number 
of  bony  plates  (nine  in  number),  the  nature  of  which  is  doubt- 
ful.   By  some,  the  plastron  is  regarded  as  a  greatly-developed 
breast-bone  or  sternum.    By  others,  again,  the  Chelonia  are 
regarded  as  being  wholly  without  a  sternum,  and  the  bones 
of  the  plastron  are  looked  upon  as  exclusively  integumentary 
ossifications.    Of  the  nine  pieces  of  the  plastron,  eight  are  in 
pairs,  whilst  the  ninth  is  odd,  and  is  placed  between  the  four 
anterior  ones.    Both  the  carapace  and  the  plastron  are  covered 
by  a  leathery  skin,  or  more  generally  by  a  series  of  horny 
plates  (fig.  272),  which  roughly  correspond  Avith  the  bony 
plates  below,  and  which  constitute  in  some  species  the  "  tor- 
toise-shell "  of  commerce.    These  epidermic  plates,  however, 
must  on  no  account  be  confounded  with  the  true  bony  box  in 
which  the  animal  is  enclosed,  and  which  is  produced  partly  by 
the  true  endoskeleton  and  partly  by  dermal  integumentary 
ossifications.    Tlie  epidermic  plates  in  no  way  correspond  in 
number  with  the  bony  plates  which  they  cover.    They  consist 
of  a  central  row  of  five  "neural"  plates  flanked  on  each  side 
by  a  row  of  four  "costal"  plates,  the  whole  surrounded  by 
twenty-four  or  twenty-five  small  "  marginal  "  plates. 


11 


P  p 


VERTEBRATA:  REPTILIA. 


The  other  points  of  importance  as  regards  the  endoskeleton 
are  these : — 

Firstly,  The  dorsal  vertebrae  are  immovably  joined  together, 
and  have  no  transverse  processes,  the  heads  of  the  ribs  uniting 
directly  with  the  bodies  of  the  vertebrae. 

Secondly,  The  scapular  and  pelvic  arches,  supporting  the 
fore  and  hind  limbs  respectively  (fig.  271,  ^  and/),  are  placed 


Fig.  271. — Skeleton  of  Tortoise  (Jiinys  E^iropcea),  the  plastron  being  removed,  ca 
Carapace;  r  Ribs,  greatly  expanded,  and  united  by  their  edges;  ^  Scapular  arch, 
placed  within  the  carapace,  and  carrying  the  fore-limbs ;  p  Pelvic  arch,  also  placed 
within  the  carapace,  and  carrj'ing  the  hind-limbs. 

within  the  carapace,  so  that  the  scapular  arch  is  thus  inside 
the  ribs,  instead  of  being  outside,  as  it  normally  is.  The 
scapular  arch  consists  of  the  shoulder-blade  or  scapula,  and 
two  other  bones,  of  which  one  corresponds  with  the  acromion 
process  of  human  anatomy,  and  the  other  to  the  coracoid  pro- 
cess, or  to  the  "  coracoid  bone,"  of  the  Birds.  The  clavicles, 
as  is  also  the  case  with  the  Crocodilia,  are  absent. 

The  order  Chelonia  is  conveniently  divided  into  three  sections,  according 
as  the  limbs  are  natatory,  amphibious,  or  terrestrial.    In  the  first  of  these, 
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the  limbs  are  converted  into  most  efficient  swimming-paddles,  all  the  toes 
being  united  by  a  common  covering  of  integument.  In  this  section  are 
the  well-known  Turtles  [Cheloniidce),  all  of  which  swim  with  great  ease 
and  power,  but  are  comparatively  helpless  upon  the  land  (fig.  272).  The 
legs  are  of  unequal  length,  and  the  carapace  is  much  depressed  and  flat- 
tened. The  best-known  species  are  the  "  edible  "  or  Green  Turtle  (C/;c/ow^ 
niidas),  the  Loggerhead  Turtle  [Chelone  caouanna),  the  Hawk's-bill  Turtle 
(C.  imhricata),  and  the  Leathery  Turtle  {Sphargis  coriacea).    The  Green 


Fig.  272. — Hawk's-bill  Turtle  {Ckelone  itnbricatd) — after  Bell. 


Turtle  is  largely  imported  into  this  country  as  a  delicacy,  and  occurs  abun-  • 
dantly  in  various  parts  of  the  Atlantic  and  Indian  Oceans.    The  Hawk's- 
bill  Turtle  is  of  even  greater  commercial  importance,  as  the  homy  epi- 
dermic plates  of  the  carapace  constitute  the  "tortoise-shell"  so  largely ^ 
used  for  ornamental  purposes.    The  Leathery  Turtle  is  remarkable  in : 
having  the  carapace  covered  with  a  leathery  skin  in  place  of  the  horny  plates 
which  are  found  in  other  species. 

In  the  second  section  of  the  Chelonia,  in  which  the  limbs  are  adapted  for 
an  amphibious  life,  are  the  Mud-turtles  or  soft  Tortoises  ( T7-ionycid(€),  and 
the  Terrapins  {EmydidcB).    In  the  Trionycida  the  development  of  the 
carapace  is  imperfect,  the  ribs  being  expanded  and  united  to  one  another  r 
only  near  their  bases,  and  leaving  apertures  near  their  extremities.  The 
entire  carapace  is  covered  by  a  smooth  leathery  skin,  and  the  homy  jaws 
are  furnished  with  fleshy  lips.    All  the  Trionya'dcc  inhabit  fresh  water  andiJ 
are  carnivorous  in  their  habits.    Good  examples  are  found  in  the  Soft- 
shelled  Turtle  {Trionyx ferox),  and  the  large  and  fierce  Snapping  Turtle 
{Chdydra  serpentina)  of  the  United  States  ;  but  other  species  are  found  in 
Egypt  and  the  East  Indies.    The  Terrapins  {Eviys)  have  a  homy  beak, 
and  have  the  shield  covered  with  epidermic  plates.    They  are  inhabitants' 
of  fresh  water,  and  are  most  of  them  natives  of  America. 

The  third  section  of  the  Chelonia  comprises  only  the  Land  Tortoises 
{Testndinida:)yV[vvM^z\x  the  limbs  are  adapted  for  terrestrial  progression,; 
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and  the  feet  are  furnished  with  short  nails.  The  carapace  is  strongly  con- 
vex, and  is  covered  by  horny  epidermic  plates  ;  the  head,  limbs,  and  tail 
can  be  completely  retracted  within  the  carapace.  Though  capable  of 
swimming,  the  Tortoises  are  really  terrestrial  animals,  and  are  strictly 
vegetable  feeders.  The  most  familiar  species  is  the  Testudo  Graca,  which 
is  indigenous  in  Spain,  Italy,  and  Greece.  A  much  larger  species  is  the 
so-called  Indian  Tortoise  ( Testudo  Indica),  which  inhabits  the  Seychelles 
and  Galapagos  Islands,  and  attains  a  length  of  over  three  feet. 

Distribution  of  Chelonia  in  Time. — The  earliest-known 
traces  of  Chelonians  occur  in  the  Permian  rocks,  in  the  lower 
portion,  that  is,  of  the  New  Red  Sandstone  of  older  geologists. 
These  traces,  however,  are  not  wholly  satisfactory,  since  they 
consist  solely  of  the  footprints  of  the  animal  upon  the  ripple- 
marked  surfaces  of  the  sandstone.  Of  this  nature  is  the; 
Chelichnus  Duncani,  described  by  Sir  William  Jardine  in  his 
classical  work  on  the  '  Ichnology '  of  Annandale  in  Dumfries- 
shire. The  earliest  unequivocal  remains  of  CheloiiiidcE  are  in 
the  Oolitic  rocks  (the  Chelone planiceps  of  the  Portland  Stone), 
Fossil  Chelo7iiid(2,  Emydidce,  and  TrionycidcB  occur,  also,  from 
the  Upper  Oolites  to  the  present  day,  the  Eocene  period  being 
peculiarly  rich  in  their  remains.  In  the  Tertiary  deposits  of 
India  (Siwalik  Hills)  there  occurs  a  gigantic  fossil  Tortoise 
— the  Colossochelys  Atlas — which  is  believed  to  have  been 
eighteen  to  twenty  feet  in  length,  and  to  have  possibly  sur- 
vived to  within  the  human  period. 

Order  II.  Ophidia. — The  second  order  of  Reptiles  is  that 
of  the  Ophidia,  comprising  the  Snakes  and  Serpents,  and  dis- 
tinguished by  the  following  characters  : — 

The  body  is  ahuays  more  or  less  elongated,  cylindrical,  and 
worm-like,  and  whilst  possessing  a  covering  of  horny  scales,  is 
always  unprovided  7&ith  a  bony  exoskeleton.  The  dorsal  ver- 
tebrcB  are  concave  in  front  {proccelotis),  with  rudimentary  trans- 
verse processes.  There  is  ftever  any  sternum,  ?ior  pectoral  arch, 
nor  fore-limbs,  nor  sacrum,  a?id  as  a  rule  there  are  no  traces  of 
hind-limbs.  Rudimentary  hind-limbs,  however,  are  occasionally 
present  {e.g.,  in  Python  and  Tortrix).  There  are  always 
numerous  ribs.  The  tzvo  halves  or  rami  of  the  lower  jaw  are 
composed  of  several  pieces,  and  the  rami  are  united  anteriorly  by 
ligame?its  and  muscles  only,  afid  not  by  cartilage  or  suture.  The 
lower  jaw  further  articulates  with  the  skull  by  means  of  a 
quadrate  bone  (fig.  268,  a),  which  is  always  more  or  less 
movable,  and  is  in  turn  united  with  the  squamous  portion  of 
the  temporal  bone  ("mastoid  bone"),  which  is  also  movable, 
and  is  not  firmly  united  with  the  skull.  The  superior  maxilla 
are  united  with  the  prsemaxillge  by  ligaments  and  muscles  only, 
and  the  palatine  arches  are  movable  and  armed  with  pointed 
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recurved  teeth.  Hooked  conical  teeth  are  always  present,  hit 
they  are  never  lodged  in  distinct  sockets  or  alveoli.  Functionally 
they  are  capable  of  performing  nothing  more  than  merely  hold- 
ing the  prey  fast,  and  the  Snakes  are  provided  with  no  genuine 
masticatory  apparatus.  The  heart  has  three  chambers,  two 
auricles  and  a  ventricle,  the  latter  imperfectly  divided  into  two 
cavities  by  an  incomplete  septum.  The  lungs  and  other  paired 
organs  are  mostly  not  bilaterally  sy?nmetrical,  one  of  each  pair 
being  either  rudimentary  or  absent.  There  is  no  urinary  bladder, 
and  the  cloacal  aperture  is  transverse. 

Of  these  characters  of  the  snakes,  the  most  obvious  and 
striking  are  to  be  found  in  the  nature  of  the  organs  of  locomo- 
tion. The  front  limbs,  with  the  scapular  arch  and  sternum,  are 
invariably  altogether  absent ;  and  the  hind-limbs,  if  not  wholly 
wanting,  are  never  represented  by  more  than  an  imperfectly- 
developed  series  of  bones  concealed  within  the  muscles  on 
each  side  of  the  anal  aperture,  and  never  exhibiting  any  out- 
ward evidence  of  their  existence  beyond  the  occasional  presence 
of  short  horny  claws  or  spurs  ("  calcaria  ").  In  the  entire  ab- 
sence, then,  or  rudimentary  condition  of  the  limbs,  the  Snakes 
progress  by  means  of  the  ribs.  These  bones  are  always  ex- 
tremely numerous  (sometimes  amounting  to  more  than  three 
hundred  pairs),  and  in  the  absence  of  a  sternum,  they  are,  of 
course,  extremely  movable.  Their  free  extremities,  in  fact,  are 
simply  terminated  by  tapering  cartilages,  which  are  attached 
by  muscular  connections  to  the  abdominal  scales  or  "scuta" 
of  the  integument.  By  means  of  this  arrangement  the  Ser- 
pents are  enabled  to  progress  rapidly,  walking,  so  to  speak, 
upon  the  ends  of  their  ribs  ;  their  movements  being  much  facili- 
tated by  the  extreme  mobility  of  the  whole  vertebral  column, 
conditioned  by  the  cup-and-ball  articulation  of  the  bodies  of 
the  vertebras  with  one  another. 

The  body  in  the  Snakes  is  covered  with  numerous  scales, 
developed  in  the  dermis,  and  covered  by  a  thin,  translucent, 
superficial  epidermic  pellicle,  which  is  periodically  cast  off  and 
renewed.  Usually  the  scales  are  flat  and  overlap  one  another; 
but  sometimes  they  are  tubercular  and  do  not  ovedap.  On 
the  head  and  along  the  abdomen  these  scales  are  larger  than 
over  the  rest  of  the  body,  and  they  constitute  what  are  known 
as  the  "scuta"  or  shields. 

The  only  other  points  in  the  anatomy  of  the  Ophidia  which 
demand  special  attention  are  the  structure  of  the  tongue,  teeth, 
and  eye.  . 

The  tongue  in  the  Snakes  is  probably  an  organ  more  ot 
touch  than  of  taste.    It  consists  of  two  muscular  cylinders, 
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united  towards  their  bases,  but  free  towards  their  extremities. 
The  bifid  organ,  thus  constituted,  can  be  protruded  and  re- 


Fig.  273. — The  Rattlesnake  (Crotahis  Itorridus). 


tracted  at  will,  being  in  constant  vibration  when  protruded, 
and  being  in  great  part  concealed  by  a  sheath  when  retracted. 
As  regards  the  eye  of  Serpents  (fig.   274,  A,)  the  chief 


F"?-  274. — A,  Diagram  of  the  eye  of  a  Serpent  (after  Cloquet) :  a  Ball  of  the  eye 
covered  by  a  conjunctival  sac,  into  which  the  lachrymal  secretion  is  discharged  ; 
h  Optic  nerve  ;  d  Antocular  membrane,  formed  by  the  epidermis  ;  e  e  Ring  of  scales 
surrounding  the  eye.  B,  Head  of  the  common  Viper  {Pelins  denes)— after  Bell — 
showing  the  bifid  tongue,  and  the  poison-fangs  in  the  upper  jaw. 

peculiarity  lies  in  the  manner  in  which  it  is  protected  exter- 
nally. There  are  no  eyelids,  and  hence  the  stony  unwinking 
stare  of  all  snakes.  In  place  of  eyelids,  the  eye  is  surrounded 
by  a  circle  of  scales  {e  e),  to  the  circumference  of  which  is 
attached  a  layer  of  transparent  epidermis,  which  covers  the 
whole  eye  {d),  and  is  termed  the  antocular  membrane.  This 
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is  covered  internally  by  a  thin  layer  of  the  conjunctiva,  which 
is  reflected  forwards  from  the  conjunctiva  covering  the  ball  of 
the  eye  itself.  In  this  way  a  cavity  or  chamber  is  formed 
between  the  two  layers  of  conjunctiva,  and  the  lachrymal 
secretion,  by  which  the  eye  is  moistened,  is  received  into  this. 
The  outer  epidermic  layer  (antocular  membrane)  covering  the 
ball  of  the  eye  in  front,  is  periodically  shed  with  the  rest  of  the 
epidermis,  the  animal  being  rendered  thereby  blind  for  a  few 
days.  The  pupil  of  the  eye  is  round  in  most  Snakes,  but  forms 
a  vertical  slit  in  the  venomous  Serpents  and  in  the  Boas. 

As  regards  the  dental  and  maxillary  apparatus  of  the 
Serpents,  the  following  points  require  notice:  —  Firstly,  in 
consequence  of  the  articulation  of  the  lower  jaw  with  a 
movable  quadrate  bone,  which  is  often  directed  backwards, 
in  consequence  of  the  quadrate  bone  being  connected  with  a 
movable  squamosal  bone,  and  in  consequence  of  the  rami  of 
the  jaw  being  united  in  front  by  ligaments  and  muscles  only, 
the  mouth  in  the  Snakes  is  capable  of  opening  to  an  enormous 
width,  and  the  most  astonishing  feats  in  the  way  of  swallowing 
can  be  performed.  Secofidly,  this  structure  of  the  jaws  accords 
exactly  with  the  structure  of  the  teeth,  both  concurring  to 
render  the  Snakes  wholly  incapable  of  anything  like  mastica- 
tion, and  at  the  same  time  capable  of  swallowing  immense 
morsels  entire.  The  teeth,  namely,  are  simply  fitted  for 
seizing  and  holding  the  prey,  but  not  in  any  way  for  dividing 
or  chewing  it.  In  the  non-venomous  and  most  typical  Snakes, 
the  jaws  and  palatine  bones  carry  continuous  rows  of  sohd 
conical  teeth,  so  that  there  are  four  rows  above  and  two  below ; 
and  the  superior  maxillas  are  very  long  and  are  not  movable. 
Thirdly,  in  the  Viperine  Snakes,  and  the  CrotalidcB,  the  ordi- 
nary teeth  are  wanting  upon  the  superior  maxillae,  whilst  these 
bones  are  themselves  very  much  shortened,  and  are  capable 
of  being  raised  and  depressed  at  will.  In  place  of  the  ordi- 
nary teeth,  each  maxilla  carries  a  "  poison-fang,"  in  the  form 
of  a  long,  conical,  curved  fang,  which  is  concealed  in  a  fold 
of  the  mucous  membrane  when  not  in  use,  and  has  numerous 
germs  or  reserve-fangs  behind  it  (figs.  274,  B,  and  275).  Each 
tooth  is  perforated  by  a  tube,  opening  by  a  distinct  aperture 
at  the  apex  of  the  tooth,  and  conveying  the  duct  of  the  so- 
called  poison-gland.  (In  reality  the  poison-duct  of  the  fang  is  • 
formed  by  an  inflection  of  the  tooth  upon  itself,  and  not  by  its  • 
actual  perforation.)  This  is  a  gland  (fig.  276),  probably  pro- • 
duced  by  a  modification  of  one  of  the  buccal  salivary  glands, . 
situated  behind  and  under  the  eye  on  each  side,  and  secretmg; 
the  fluid  which  renders  the  bite  of  these  snakes  dangerous  orr 
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fatal.  When  the  animal  strikes  its  prey,  the  poison-fangs  are 
erected  by  the  elevation  of  the  movable  maxilla  (to  which 


Fig.  275.— Skull  of  the  Rattlesnake  (after  Dumeril  and  Bibron).  /  One-half  of  the 
lower  jaw,  united  to  the  skull  by  the  quadrate  bone  {g);  m  Upper  jaw  carrying  the 
poison-fang ;  /  Series  of  teeth  upon  the  palate. 


Fig.  276. — The  head  of  the  Rattlesnake,  dissected  to  show  the  poison-gland  {a)  and 
poison-fangs  {/).    (After  Duvemoy.) 

they  are  anchylosed),  and  the  poison  is  forced  through  the 
tube  which  perforates  each,  partly  by  the  contractions  of  the 
muscular  walls  of  the  gland,  and  partly  by  the  muscles  of  the 
jaws.  In  most  poisonous  snakes  the  superior  maxillae  carry 
no  other  teeth  except  the  poison-fangs  and  their  rudimentary 
successors,  but  in  some  cases  there  are  a  few  teeth  behind  the 
fangs ;  whilst  the  palatine  teeth  are  always  present,  as  in  the 
harmless  species.  In  some  other  venomous  Snakes,  again 
{e.g.,  Naja  and  the  HydrophidcR),  the  jaws  and  teeth  agree  in 
most  characters  with  those  of  the  non-venomous  Snakes,  but 
the  first  maxillary  teeth  are  larger  than  the  others,  and  form 
canaliculated  fangs.  Lastly,  in  a  few  forms  the  terminal  maxil- 
lary teeth  are  deeply  canaliculated,  but  are  not  connected  with 
the  duct  of  any  poison-gland. 
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Fourthly,  in  all  the  Serpents  the  teeth  are  anchylosed 
with  the  jaw,  and  are  never  sunk  into  distinct  sockets  or 
alveoli. 

The  Ophidia  are  usually  classified  in  accordance  with  the 
characters  of  their  dental  apparatus,  and  may  be  divided  as 
follows,  some  minor  groups  being  omitted  : — (i.)  The  Viperina 
comprise  the  most  typical  of  the  venomous  Snakes  ( Venenosa), 
and  include  the  common  Vipers  ( ViperidcB)  and  the  Rattle- 
snakes {CrotalidcB),  the  former  being  mostly  confined  to  the 
Old  World,  whilst  the  latter  are  mainly  American.  The  com- 
mon Viper  {Felias  berus)  occurs  abundantly  in  England  and 
Scotland,  and  is  capable  of  inflicting  a  severe  and  even  dan- 
gerous bite,  though  it  is  doubtful  if  fatal  effects  ever  follow  ex- 
cept in  the  case  of  children  or  subjects  previously  debilitated. 


Fig.  277. — The  Naja  Haje,  a.  venomous  Colubrine  Snake. 

The  true  Rattlesnakes  ( Crotalus)  are  exclusively  natives  of  f 
America,  and  they  are  highly  poisonous.  The  extremity  of  the  : 
tail  in  the  true  Rattlesnake  {Crotalus  horridiis,  fig.  273)  is  = 
furnished  with  a  series  of  horny  epidermic  cells  of  an  un- 
dulated pyramidal  shape,  articulated  one  wilhin  the  other,  . 
constituting  an  appendage  which  is  known  as  the  "rattle. 
Before  striking  its  prey,  the  Rattlesnake  throws  itself  into  a  i 
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coil,  and  shakes  its  rattle,  as  it  does  also  when  alarmed.  Ac- 
cording to  Professor  Shaler,  the  use  of  the  rattle  is  to  imitate 
the  note  of  the  Cicada,  and  thus  to  attract  birds  which  prey 
upon  this  insect;  but  its  function  is  more  probably  sexual. 
The  Indian  snakes  belonging  to  the  genus  Trimeresuriis,  and 
some  other  less  important  forms,  are  also  placed  amongst  the 
Crotalidce.  The  head  of  the  Viperine  Snakes  (figs._  274,  278) 
is  broad,  somewhat  triangular  in  shape,  broadest  in  its  middle, 
and  showing  a  very  distinct  line  of  demarcation  between  the 
head  and  neck.  The  head,  also,  is  usually  covered  with  small 
scales,  rarely  interspersed  with  larger  plates  or  "  scuta "  (fig. 
278).  Other  well-known  members  of  this  group  are  the  Death 
Adder  {Acanthophis  tortor)  of  Australia,  the  Horned  Viper 
[Cerastes)  of  Africa,  and  the  Pufif  Adder  ( C/(?//zi7  arictans)  of  the 
Cape  of  Good  Hope. 

(2.)  The  Elapina  are  poisonous  snakes,  in  which  the  poison- 
fangs  are  permanently  fixed  and  erect,  and  have  smaller  solid 
teeth  behind  them.  The  head  is  shield-shaped,  and  not  much 
wider  than  the  body.  This  group  comprises  some  of  the  most 
deadly  of  all  the  Serpents,  one  of  the  best  known  being  the 
Hooded  Snake  or  Cobra  di  Capello  {Naja  tripiidians),  which  is 
commonly  found  in  Hindostan,  and  is  the  snake  usually 
carried  about  by  the  Indian  snake-charmers.  It  varies  from 
two  to  six  feet  in  length,  and  the  neck  can  be  extensively 
dilated,  covering  the  head  like  a  hood.  A  nearly  allied  species 
is  the  Naja  Haje  (fig.  277)  of  Egypt.  The  genus  Bicngarus^ 
including  the  deadly  "  Kerait"  {B.  ccp-ruleus)  of  India,  is  nearly 
allied  to  Naja,  but  the  neck  is  not  dilatable.  America  has 
representatives  of  this  family  in  the  beautifully  marked  Coral- 
snakes  and  Harlequin  -  snakes  {Elaps),  and  the  Australian 
region  is  also  not  without  them  {Hoplocephalus,  &c.) 

(3.)  The  Hydi'ophidcB  comprise  aquatic  Ophidians  which 
have  the  tail  vertically  compressed  and  broadened  out.  They 
are  found  principally  in  the  Indian  and  Chinese  seas,  often 
frequenting  the  mouths  of  rivers,  though  sometimes  ranging 
far  from  land.  They  are  extremely  poisonous,  and  swim  with 
great  ease  and  rapidity. 

(4.)  The  Coliibrina  comprise  an  immense  number  of  alto- 
gether innocuous  snakes,  in  which  the  superior  maxillae  are 
provided  with  solid  teeth  only,  and  there  are  no  fangs.  An 
excellent  example  of  this  group  is  the  common  Ringed  Snake 
{Coluber  or  Tropidonotus  natrix)  of  Britain,  a  perfectly  harmless 
animal,  which  is  commonly  found  in  damp  situations,  and 
which  lives  mainly  upon  frogs.  Closely  allied  to  this  is  the 
Black  Snake  {Bascanion  constrictor)  of  North  America,  which 
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attains  a  length  of  from  three  to  five  feet,  but  is  perfectly 
harmless,  so  far  as  man  is  concerned. 

(5.)  The  Pythonina  comprise  the  well-known  serpents  termed 
the  Boas,  Pythons,  Anacondas,  and  Kock-snakes.  The  mem- 
bers of  this  group  are  the  largest  of  all  living  snakes,  attaining 
a  length  of  certainly  over  twenty  feet.  Their  bite  is  perfectly 
harmless,  but  they  are  nevertheless  highly  dangerous  and  de- 
structive animals,  owing  to  their  great  size  and  enormous  mus- 
cular power.  They  seize  their  prey  and  coil  themselves  round 
it  in  numerous  folds,  by  tightening  which  they  gradually  reduce 
their  victim  to  the  condition  of  a  shapeless  bolus,  fit  to  be 
swallowed.  In  this  way  a  good-sized  Python  or  Boa  will  cer- 
tainly dispose  of  an  animal  as  large  as  a  sheep  or  goat,  and 
it  is  asserted  that  even  human  beings  may  be  thus  devoured 
by  large  individuals  of  the  family.  The  Boas  and  Pythons 
occur  in  both  the  Old  and  New  Worlds,  the  Pythons,  however, 
all  belonging  to  the  Old  World,  and  they  are  amongst  the  most 
formidable  of  all  living  Ophidians.  They  possess  rudimentary 
hind-limbs  terminating  in  horny  anal  spurs,  which  co-operate 
with  the  prehensile  tail  in  enabling  the  animal  to  suspend  itself 
from  trees.  In  all,  also,  the  dental  apparatus  is  extremely 
powerful,  giving  a  firm  hold  for  the  constriction  of  the  prey. 

(6.)  The  TyphlopidcE.  constitute  an  aberrant  group  of  snakes, 
distinguished  from  the  typical  Ophidians  by  the  comparative 
narrowness  of  their  gape.  They  are  found  in  both  the  Old  and 
New  Worlds,  in  warm  latitudes,  are  possessed  of  quite  rudi- 
mentary eyes,  and  burrow  in  the  ground.  Some  of  them  are 
of  very  small  size,  and  somewhat  resemble  earthworms.  Nearly 
allied  to  the  genus  Typhlops  itself  is  the  Indian  Uropeltis,  which 
is  also  subterranean  in  its  habits. 

A  good  geneTal  character  by  means  of  which  the  poisonous  Viperine 
Snakes  may  be  distinguished  from  the  harmless  Colubrine  forms  is  in  the 
shape  and  armatui-e  of  the  head.  In  the  Viperina,  as  before  said,  the 
head  (figs.  274,  278)  is  triangular,  broadest  behind,  and  separated  from' 
the  neck  by  a  more  or  less  marked  diminution  in  the  diameter  of  this 
latter  part.  The  scales,  too,  which  cover  the  head,  are  of  small  size.  In 
the  Colubrine  snakes,  on  the  other  hand,  the  head  is  not  markedly  triangu- 
lar, and  gradually  tapers  off  into  the  neck,  whilst  the  upper  surface  of  the 
head  is  usually  covered  with  large  shield-like  plates  or  "scuta"  (fig- 
278,  A). 

Distribution  of  Ophidia  in  Time. — The  Ophidia  are  not 
known  to  occur  in  any  Palaeozoic  or  Mesozoic  deposit.  _  The 
earliest  known  traces  of  any  serpent  are  in  the  Lower  Kamo- 
zoic  rocks,  the  oldest  being  the  Palaophis  toliapicus  of  the 
London  Clay  of  Sheppey.   The  nearly-allied  Palaophis  typhcsus 
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of  the  Eocene  beds  of  Bracklesham  appears  to  have  been  a 
Boa- constrictor -Hke  snake  of  about  twenty  feet  in  length. 


Fig.  278.— A,  Head  of  Colubrine  Snake  (Coiudernatrix);  B,  Head  of  Viperine  Snake 
{Pelias  herus) ;  C,  Head  of  Blind-worm  {Anguis /ragilis),  one  of  the  serpentiforni 
Lizards.    (After  Bell.) 

f  Other  species  of  Palaophis  have  been  described  from  the  Ter- 
tiary rocks  of  the  United  States,  and  the  genus  Dinophis  has 
been  formed  for  the  reception  of  another  gigantic  constricting 
Serpent  from  the  same  formation.  In  some  of  the  later  de- 
posits have  been  found  the  poison-fangs  of  a  venomous  snake. 
Upon  the  whole,  however,  the  snakes  must  be  looked  upon  as 
a  comparatively  modern  group,  and  not  as  one  of  any  great 
geological  antiquity. 


CHAPTER  LXII. 

LACERTILIA  AND  CROCODILIA. 

Order  III.  Lacertilia. — The  third  order  of  Reptiles  is  that 
of  the  Lacertilia,  comprising  all  those  animals  which  are  com- 
monly known  as  Lizards,  together  with  some  serpentiforni 
nimals,  such  as  the  Blind-worms.  The  Lacertilia  are  distin- 
guished by  the  following  characters  : — 

As  a  general  rule,  there  are  two  pairs  of  well-developed  limbs, 
but  there  may  be  only  one  pair,  or  all  the  limbs  may  be  absent. 


A 
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A  scapular  arch  is  always  present,  ^vhaterer  the  condition  of  the 
limbs  may  he.  An  exo skeleton,  in  the  form  of  horny  scales  like 
those  of  the  Snakes,  is  almost  always  present.  The  vertcbrcc  of 
the  dorsal  regio?i  are  proccelous  or  co?icave  in  front,  rarely  amphi- 
coelous  or  concave  at  both  ends.  There  is  a  single  transverse  pro- 
cess at  each  side,  and  the  heads  of  the  ribs  are  simple  and 
undivided.  There  is  either  no  sacrum,  or  the  sacral  vertebrae 
rarely  exceed  two  in  number.  The  teeth  are  not  lodged  in  dis- 
tinct sockets  {some  extinct  forms  constituting  an  exceptioji  to  this 
stateJJient).  The  eyes  are  generally  fwmished  with  movable  eye- 
lids. The  heart  consists  of  two  auricles  and  a  ventricle,  the  latter 
partially  divided  by  an  incomplete  partition.  There  is  a  urinary 
bladder,  and  the  aperture  of  the  cloaca  is  transverse. 

As  a  general  rule,  the  animals  included  under  this  order 
have  four  well-developed  legs  (fig.  279),  and  would  therefore  . 


Fig.  279. — Iguana. 

be  popularly  called  "Lizards."    In  some  {Chirotes)  there  are-i 
no  hind-feet;  in  some  {Bipes)  the  fore-limbs  are  wantmg;  and  J 
others  {Anguis,  Pseudopus,  and  Amphisbcena)  are  entirely  desti- 
tute of  limbs,  thus  coming  closely  to  resemble  the  true  Snakes  -■ 
or  Ophidians  in  external  appearance.     These  serpentiforra.-.j 
Lizards,  however,  can  be  distinguished  from  the  true  Snakes, >j 
amongst  other  characters,  more  especially  by  the  structure  ot.< 
the  jaws.    In  the  Snakes,  as  before  said,  the  two  rami  of  the-^ 
lower  jaw  are  loosely  united  in  front  by  ligaments  and  muscles," 
and  are  attached  behind  to  a  movable  quadrate  bone,  whicli  is 
in  turn  connected  with  a  movable  squamosal,  this  giving  anu 
enormous  width  of  gape  to  these  animals.   In  the  Lizards,  how-^ 
ever,  even  in  those  most  like  the  Snakes,  the  halves  ot  tne^ 
lower  jaw  are  firmly  united  to  one  another  in  front;  anai^ 
though  the  quadrate  bone  is  usually  more  or  less  mo^-aD^e,'. 
the  jaws  can  in  no  case  be  separated  to  anything  like  tne^ 
extent  that  characterises  the  Ophidia. 
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Another  good  general  character  is  to  be  found  in  the  struc- 
ture of  the  protective  coverings  of  the  eye.  In  the  Snakes, 
eyehds  are  wanting,  and  the  eye  is  simply  covered  by  a  layer 
of  epidermis,  constituting  the  so-called  "  antocular  membrane." 
In  almost  all  the  Lizards,  on  the  other  hand,  including  most 
of  the  completely  snake-like  forms,  there  are  movable  eyelids, 
and  in  few  cases  is  there  any  structure  comparable  to  the  an- 
tocular membrane  of  the  true  Snakes.  Lastly,  the  typical 
Lizards  all  possess  a  sternum  or  breast -bone,  but  this  is 
wanting  in  some  of  the  snake-like  forms,  so  that  it  cannot  be 
appealed  to  as  a  character  by  which  the  Laccrtilia  can  be 
separated  from  the  Ophidia.  Whatever  the  condition  of  the 
limbs  may  be,  there  is,  however,  always  a  pectoral  arch  more 
or  less  completely  developed,  even  though  the  pelvic  arch 
should  be  wanting. 

The  whole  order  of  the  Lacertilia  is  very  often  united  with 
the  next  group  of  the  Crocodilia,  under  the  name  of  Sauria. 
The  term  "Saurian,"  however,  is  an  exceedingly  convenient 
one  to  designate  all  the  Reptiles  which  approach  the  typical 
Lizards  in  external  configuration,  whatever  their  exact  nature 
may  be ;  and  from  this  point  of  view  it  is  often  very  useful  as 
applied  to  many  fossil  forms,  the  structure  of  which  is  only 
imperfectly  known.  It  is  therefore  perhaps  best  to  employ 
this  term  merely  in  a  loose  general  sense.  AH  the  Lacertilians 
possess  teeth,  though  these  vary  considerably  in  their  arrange- 
ment. (If  the  extinct  Rhynchosaurus  be  truly  Lacertilian,  this 
genus  has  apparently  no  teeth.)  The  teeth  are  always  simple, 
sometimes  sharp  and  conical  (Monitor),  sometimes  blade-like 
with  serrated  edges  (Iguana),  sometimes  with  rounded  crush- 
ing crowns  {Cyclodus).  Usually  the  teeth  become  anchylosed 
to  the  jaw,  when  they  may  be  fixed  by  their  sides  to  the  inner 
wall  of  the  alveolar  border  of  the  jaw  ("  pleurodont "  dentition), 
or  may  be  attached  by  their  bases  to  the  summit  of  this  border 
("acrodont"  dentition).  In  the  extinct  Frotorosatcria,  the 
tpeth  are  implanted  in  distinct  sockets  ("thecodont"  denti- 
lion). 

The  Lacertilia  are  sometimes  divided  into  three  sections  in 
accordance  with  the  structure  of  the  tongue.  In  one  group, 
including  the  greater  number  of  the  members  of  the  order, 
the  tongue  is  long,  protrusible  and  forked  {Fissilinguia  or 
Leptoglossa),  as  in  the  Serpents.  In  a  second  group  {Brevi- 
linguia  or  Pachyglossa),  including  the  Geckos  and  Agamids, 
the  tongue  is  thick,  fleshy,  and  not  protrusible.  Lastly,  in  a 
third  group  ( Verniilinguia)  are  placed  the  Chamseleons,  with 
their  long  protrusible  worm-like  tongue,  the  extremity  of  which 
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is  clubbed,  "the  following  are  the  principal  families  of  the 
Lacertilians. 

The  first  family  of  importance  is  that  of  the  AmphishanidcB^ 
including  a  number  of  serpentiform  lizards,  in  which  both 
pairs  of  limbs  are  uniformly  absent  (except  in  the  Mexican 
Chirotes,  in  which  the  fore-limbs  are  present).  All,  however, 
possess  a  pectoral  arch,  and  they  are  further  distinguished 
from  the  Ophidians  by  the  fact  that  the  rami  of  the  lower  jaw 
are  united  by  suture,  so  as  greatly  to  restrict  the  gape.  The 
type-genus,  Amphisbcena,  is  South  American,  and  comprises 
apodal  snake-like  lizards  with  short  blunt  tails,  having  the 
vent  situated  nearly  at  the  end  of  the  body. 

In  the  family  of  the  Chalcididcz  we  also  have  lizards  with 
long  snake-like  bodies,  but  minute  fore  and  hind  limbs  are 
present.  The  scales  are  rectangular,  and  are  arranged  in 
transverse  bands  which  do  not  overlap.  All  the  members  of 
this  group  are  American.  In  the  nearly  allied  Zomirida.  the 
limbs  may  be  well  developed,  rudimentary,  or  wholly  wanting; 
there  is  a  longitudinal  fold  of  skin  on  each  side  of  the  body ; 
and  the  abdominal  scales  are  square  or  roundish,  and  disposed 
in  cross  bands.  The  ears  are  distinct,  and  the  eyes  are  pro- 
vided with  eye-lids.  In  this  group  are  the  footless  American 
Glass-snakes  {Ophisauriis),  and  the  Sheltopusiks  {Fseudopus) 
of  the  Old  World,  in  which  the  limbs  are  wanting,  or  a  rudi- 
mentary pair  of  hind-legs  is  present. 

More  important  than  any  of  the  preceding  is  the  large  and 
widely  distributed  family  of  the  Sciiicidcn,  comprising  a  number 
of  small  Lacertilians,  some  of  which  are  completely  snake-like, 
whilst  others  possess  a  single  pair  of  limbs,  and  others  again 
have  the  normal  two  pairs  of  limbs  in  a  well-developed  condi- 
tion. All  possess  movable  eyelids,  and  in  all  the  conforma- 
tion of  the  lower  jaw  is  Lacertilian,  and  not  Ophidian.  All 
the  Scincoidean  Lizards  have  the  body  covered  by  similar 
scales  overlapping  one  another  like  the  scales  of  fishes,  whilst 
the  head  is  protected  by  larger  symmetrical  plates.  The 
tongue  is  free,  fleshy,  and  slightly  notched. 

Of  the  snake-like  forms  of  this  group,  none  is  more  familiarly  known 
than  the  Blind-worm  or  Slow-worm  [Anguis  fragilis,  fig.  280),  which  is 
found  over  almost  the  whole  of  Europe,  in  western  Asia,  and  northern 
Africa,  and  which  is  one  of  the  most  abundant  of  the  British  Reptiles. 
The  Blind-worm  possesses  no  external  appearance  of  limbs,  though  the 
scapular  and  pelvic  arches  are  present  in  a  rudimentary  condition.  Its 
appearance  is  completely  serpentiform,  and  it  is  vulgarly  reg-arded  as  a 
dangerous  and  venomous  animal,  but  quite  erroneously,  as  it  is  even  un- 
able to  pierce  the  human  skin.  It  is  a  perfectly  harmless  animal,  living 
upon  worms,  insects,  and  snails,  and  hybernating  during  the  winter,  it 
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derives  its  specific  name  oi  fragilis  from  the  fact  that  when  alarmed  it 
stiffens  its  muscles  to  such  an  extent  that  the  tail  can  be  readily  broken  off", 

as  if  it  were  brittle.  -  i     o  •    -j     i.     •  • 

Numerous  other  small  Lizards  are  referable  to  the  Sanada:,  but  it  is 


Fig.  280. — The  Blind-worm  [Anguis  fragilis) — after  Bell. 

only  necessary  to  mention  the  Skinks  themselves  {Scincus),  in  which  both 
pairs  of  limbs  are  present  in  a  well-developed  state.  The  Skinks  are  found 
in  almost  all  the  warmer  parts  of  the  Old  World,  and  closely-allied  forms 
(such  as  the  West  Indian  "  Galliwasp  ")  are  found  in  the  New  World. 
The  common  Skink  (fig.  281)  is  a  native  of  Arabia  and  Africa.  It  attains 
a  length  of  eight  or  nine  inches,  and  was  formerly  used  in  various  diseases 
as  a  remedy. 

Passing  over  several  small  groups,  the  next  family  requiring 
consideration  is  that  of  the  Laceriidce,  comprising  the  typical 
Lizards,  in  which  there  are  always  four  well-developed  limbs, 
each  terminated  by  five  free  toes  of  unequal  lengths.  The 
body  is  covered  with  scales,  which  assume  the  form  of  shields 
or  "  scuta  "  over  the  abdomen  and  on  the  head,  the  scales  of 
the  former  region  being  square  and  arranged  in  transverse 
bands.  The  tail  is  rounded.  The  tongue  is  slender,  bifid, 
and  protrusible,  and  the  eyes  have  distinct  lids.  The  only 
truly  British  Lizards  are  the  Sand-lizard  {Lacerta  agilis)  and 
the  Viviparous  Lizard  {Zootoca  vivipard) ;  and  the  commonest 
form  upon  the  Continent  is  the  graceful  little  Green  Lizard 
{Lacerta  viridis),  which  also  occurs  in  Jersey.    The  Lizards  of 
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the  Old  World  are  represented  in  America  by  the  Ameiva 
some  of  which  attain  a  length  of  several  feet.  ' 
Very  closely  allied  to  the  true  Lizards  are  the  Varanidcc  or 


Fig.  281.— The  common  Skink  (Scincus  officinalis). 


Monitors,  which  indeed  are  chiefly  separated  by  the  compara- 
tively trivial  fact  that  the  abdomen  and  head  are  covered  with  . 
small  non-imbricating  scales,  and  not  with  large  "  scuta."  The  . 
tongue  is  protrusible  and  fleshy,  like  that  of  the  Snakes.    The . 
teeth  are  lodged  in  a  common  alveolar  groove,  which  has  110  . 
internal  border ;  and  there  are  no  palatal  teeth.    The  tail  has  - 
a  double  row  of  carinated  scales,  and  is  cylindrical  in  the . 
terrestrial  forms,  and  compressed  in  those  whose  habits  are  t ; 
aquatic.     The  Monitors  are  exclusively  found  in  the  Old ; 
World  (Asia,  Africa,  and  Australia),  and  are  the  largest  of  all 
the  recent  Lace?iilia ;  the  Vat-anus  Niloticiis  of  Egypt  attaining  _ 
a  length  of  six  feet,  and  the  Hydrosatiriis  salvaior  of  the  East 
Indian  Archipelago  attaining  to  as  much  as  eight  feet.    The  .  i 
Heloderma  horridicm  of  Mexico  is  sometimes  placed  here. 

The  Igiianidce  constitute  another  large  family  of  Lizards, 
belonging  (if  the  Agamidce  be  excluded)  entirely  to  the  New 
World.     The  tongue   is   thick,  fleshy,  notched  at  its  ex- ^ 
trernity  only,  and  not  protrusible.     Mostly  there  is  a  dor--| 
sal   crest,  and  a  goitre  or  throat  -  pouch.     The  body  is  •\ 
covered  with  imbricated  scales.     They  are  often  divided  I 
into  "  ground-iguanas,"  in  which  the  body  is  flat  and  de-  < 
pressed,  and  "  tree-iguanas,"  in  which  the  body  is  compressed. 
The  members  of  the  genus  Iguana  itself  (fig.  279)  are  confined 
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to  South  America  and  the  West  Indies,  and  are  distinguished 
by  having  the  throat  furnished  with  a  pendulous  dewlap  or 
fold  of  skin,  the  edge  of  which  is  toothed.  The  back  and  tail, 
too,  are  furnished  with  an  erect  crest  of  pointed  scales.  The 
common  Iguana  (/.  tuberculata)  attains  a  length  of  from  four 
to  five  feet,  and  though  not  of  a  very  invitmg  appearance,  is 
highly  esteemed  as  food.  The  Basilisks  {Basiliscus)  have  the 
top  of  the  head  furnished  with  a  membranous  sac,  which  can 
be  distended  with  air  at  will. 

The  family  of  the  Agamidce  is  closely  allied  to  that  of  the 
Iguanida  proper,  and  represents  it  in  the  Old  World.  The  body 


Fig.  282. — Fore-portion  of  the  skeleton  of  Draco  volans,  the  tail  being  omitted, 
showing  the  posterior  or  false  ribs  supporting  the  parachute. 

is  covered  with  imbricated,  generally  rhombic  scales ;  the  tongue 
is  thick  and  non-protrusible ;  the  eyes  have  eyelids ;  and  the 
teeth  are  implanted  on  the  edge  of  the  bones  of  the  jaws. 

The  Lizards  of  this  group  are  distributed  over  nearly  the  whole  of  the 
Old  World  (principally  Asia,  Africa,  and  Australia),  and  are  either 
arboreal  or  terrestrial  in  habit.  Good  examples  are  the  Stellio  vulgaris 
of  the  Levant,  the  Agama  imiricaia  of  Australia,  and  the  hideous  Moloch 
horridiis  of  the  same  country.  Here  also  belongs  the  curious  little  Frill 
Lizard  {Chlamydosaiirus)  of  Australia,  which  has  the  neck  furnished  on 
each  side  with  a  membranous  plaited  frill,  which  can  be  erected  at  will. 

2  L 
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More  remarkable  than  the  above  are  the  little  Flying  Dragons  {Draco) 
of  the  East  Indies  and  Indian  Archipelago.  In  these  singular  little  Lizards 
there  is  a  broad  membranous  expansion  on  each  side,  formed  by  a  fold 
of  the  integument,  supported  upon  the  five  or  six  posterior  or  false  ribs, 
which  run  straight  out  from  the  spinal  column  (fig.  282).  By  means  of 
these  lateral  expansions  of  the  skin,  the  Draco  can  take  long  flying  leaps 
from  tree  to  tree,  and  can  pursue  the  insects  on  which  it  feeds  ;  but  the 
lateral  membranes  simply  act  as  parachutes,  and  there  is  no  power  of  true 
flight,  properly  so  called. 

The  Geckotidce  form  a  large  family  of  Lizards,  comprising  a 
great  number  of  species,  occurring  in  almost  all  parts  of  the 
world  between  and  near  the  tropics.  The  tongue  is  wide,  flat, 
scarcely  notched  at  its  free  extremity,  and  hardly  at  all  pro- 
trusible.  The  eyes  are  large,  mostly  with  extremely  short  lids, 
the  pupil  mostly  vertical  and  linear,  but  sometimes  circular. 
The  vertebrae  are  amphicoelous.  The  teeth  are  numerous, 
small,  compressed,  and  implanted  on  the  inner  edge  of  the 
jaw.  The  nails  (when  present)  are  mostly  hooked  and  retrac- 
tile, and  the  toes  are  furnished  below  with  imbricated  plates 
or  with  adhesive  discs.    The  animal  is  generally  capable  of 


Fig.  283.— Head  of  Gecko  stentor.    (After  Gunther.) 


running  on  the  smoothest  surfaces,  or  suspending  itself  back- 
downwards.  They  feed  on  insects,  and  are  found  in  abun- 
dance in  the  warmer  parts  of  both  the  Old  and  New 
Worlds. 

Another  remarkable  family  of  Lacertilians  is  that  of  the 
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Ckamceleontidce,  containing,  among  other  species,  the  familiar 
Httle  ChamcBko  Africanus,  which  occurs  abundantly  in  the 
north  of  Africa  and  in  Egypt,  and  is  so  well  knowri  for  its 
power  of  changing  its  colour  under  irritation  or  excitement. 
In  this  genus  the  eye  (fig.  284)  is  of  large  size,  and  is  covered 


Fig.  284. — Head  of  a  Chameleon  (C  Petersii).    (After  Gray.) 


by  a  single  circular  lid,  perforated  centrally  by  a  small  aperture, 
by  which  the  rays  of  light  reach  the  pupil.  The  Chameleon 
is  naturally  a  sluggish  animal,  but  it  catches  its  food,  consist- 
ing of  insects,  by  darting  out  its  long,  fleshy,  and  glutinous 
tongue — an  operation  which  it  effects  with  the  most  extra- 
ordinary rapidity. 

The  tail  in  the  Chameleons  is  round  and  prehensile,  the 
body  compressed,  and  the  skin  like  shagreen.  The  tongue 
is  long,  vermiform,  club-shaped  in  front,  and  very  extensile. 
The  toes  are  adapted  for  the  arboreal  life  and  scansorial  habits 
of  the  animal,  being  so  arranged  as  to  form  two  equal  and 
opposable  sets.  The  lungs  are  excessively  voluminous.  The 
Chameleons  are  exceedingly  sluggish  and  slow  in  their  move- 
ments, and  are  confined  to  the  warmer  parts  of  the  Old 
World. 

The  last  group  of  living  Lizards  which  requires  notice  is 
that  of  the  Rhyndwcephalia,  a  group  comprising  only  the 
curious  genus  Hatteria  or  Sphenodon,  which  is  so  aberrant  in 
its  characters  that  this  section  may  well  be  regarded  as  a  sub- 
order of  Lacertilia.  Only  one  species  {H.  punctata)  of  this 
genus  is  known,  and  "it  inhabits  New  Zealand. 

In  this  singular  form  (fig.  285)  the  vertebrae  are  amphiccelous, 
and  some  of  the  ribs  bear  "  uncinate  processes  "  similar  to  those 
of  Birds.  The  quadrate  bone  is  not  movable,  and  is  united  by 
suture  with  the  skull.  The  teeth  are  completely  amalgamated 
by  anchylosis  with  the  jaws,  and  are  developed  in  the  mandible, 
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prcemaxillre,  maxill?e,  and  in  a  longitudinal  series  upon  the 
palatine  bones.  The  prasmaxillary  teeth  are  two  in  number, 
and  are  of  large  size  and  scalpriform  in  shape.    The  serrated 


Fig.  285. — Side  view  of  the  skull  of  Hatteria  punctata,  the  lower  jaw  being  removed. 

(After  Giinther.) 

edge  of  the  mandible  is  received  in  the  groove  between  the 
palatine  teeth  and  the  cutting  edges  of  the  maxillae,  the  alveolar 
borders  of  which  are  hard  and  as  highly  pohshed  as  the  teeth 
themselves,  the  function  of  which  they  discharge  when  the 
latter  are  ground  down  in  advanced  age.  Unlike  any  other 
Saurian,  Hatteria  is  devoid  of  any  copulatory  organ. 

Distribution  of  Lacertilia  in  Time. — It  is  hardly  pos- 
sible, with  our  present  knowledge,  to  speak  very  positively  as 
to  the  exact  range  of  the  Lacertilia  in  time.  This  uncertainty 
arises  from  two  causes — firstly,  that  there  is  some  doubt  as  to 
the  exact  age  of  some  deposits  which  have  yielded  Lacertilian 
remains ;  and,  secondly,  that  the  affinities  of  some  extinct 
Reptiles  are  a  matter  of  considerable  question.  Upon  the 
Avhole,  the  oldest  known  Lacertilian  would  appear  to  be  the 
Protorosaurus  of  the  Middle  Permian  rocks ;  though  good 
authorities  have  placed  this  form  in  the  Crocodilian  group  of 
the  Thecodontia.  Protorosaunis  attained  a  length  of  between 
five  or  six  feet,  and  differs  from  all  existing  Lizards  in  having 
its  teeth  implanted  in  distinct  sockets — this  being  a  Croco- 
dilian character.  In  other  respects,  the  Permian  reptile  ap- 
proximates closely  to  the  living  Monitors  ( VaranidcB),  and  its 
slightly  cupped  vertebras  would  lead  to  the  belief  that  it  was 
aquatic  in  its  habits.  Both  pairs  of  lim'bs  were  present,  both 
pentadactylous,  and  constructed  on  the  type  of  the  limbs  of 
the  typical  Lizards. 

In  rocks  known  or  supposed  to  be  of  Triassic  age,  several 
Lacertilian  reptiles  have  been  discovered,  of  which  the  most 
important  are  Telerpeton,  Hypcrodapedony  and  Rhynchosaiirus^ 
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of  which  the  last  is  sometimes  referred  to  the  group  of  the 
Anomodontia,  to  be  subsequently  spoken  of. 

In  the  Jurassic  period,  the  remains  of  Lacertilians  are  not 
unknown,  but  call  for  Httle  special  notice.  Several  forms  of 
little  importance  have  been  described  from  the  Middle  Oolites. 
In  the  fresh-water  strata  of  the  Purbeck  series  (Upper  Oolites), 
occur  the  remains  which  have  been  referred  to  the  genera 
Nuthetes,  Macellodon,  Saurillns,  and  Echinodon.  These  are, 
perhaps,  the  first  traces  in  the  stratified  series  of  remains,  the 
affinities  of  which  to  the  typical  Zacertidce  cannot  be  disputed. 

In  the  Cretaceous  rocks  occur  the  singular  Lacertilians 
which  form  the  group  of  the  "  Mosasauroids."  These  remark- 
able Reptiles  were  of  gigantic 
size,  Mosasaimis  princeps  being 
believed  to  have  attained  the 
enormous  length  of  not  less  than 
seventy-five  feet.  The  teeth  of 
these  reptiles  are  long,  conical, 
and  slightly  curved ;  but  they 
are  anchylosed  to  the  jaw,  and 
are  not  sunk  into  distinct  sock- 
ets as  in  the  living  Crocodiles. 
The  vertebrae  are  procoelous. 
From  the  shortness  of  the  hu- 
■merus,  and  the  indications  that 
the  vertebral  column  was  unusu- 
ally flexible,  and  that  the  tail  was 
laterally  compressed,  it  was  early 
conjectured  that  the  Mosasaur- 
oids  were  marine  and  aquatic 
in  their  habits.  This  conjecture 
has  been  raised  to  the  rank  of  a 
certainty  by  the  discovery  that 
the  fore  and  hind  limbs  of  the 

Mosasauroids  were   in  the  form    Fig.  286.— Right  anterior  paddle  of  Les- 

-Cv,  i;i,„    1  T  tosmir7is  sivnis,  one-twelfth  of  the 

Ot    fin-like    paddles,    resembhng       natural  size.    (After  Marsh.)  «Scap- 

the    flippers  of  whales  in   gene-      ula;  <^  Coracoid;  c  Humerus ;  ^  Ra- 
1     ,  ...       .    °    ,  dius;  e  Ulna. 

ral  structure,  and  m  havmg  the 

digits  distinct  and  only  conjoined  by  integument  (fig.  286). 
There  can  therefore  be  no  doubt  that  Mosasaurus—\i\:Q  the 
living  Amhlyrhymhus — was  aquatic  in  its  habits,  and  fre- 
quented the  sea-shore,  coming,  in  fact,  only  occasionally  to  the 
land.  Professor  Marsh  has  also  recently  shown  that  some 
species  possess  bony  dermal  scutes,  thus  rendering  their  Lacer- 
tilian  affinities  somewhat  dubious. 
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Though  possessing  certain  aberrant  characters,  it  seems  best 
in  the  meanwhile  to  regard  the  Mosasaurida  (  =  the  PyiJiono- 
morpha  of  Cope)  as  an  extinct  group  of  the  Laceriilia. 

Order  IV.  Crocodilia. — The  last  and  highest  order  of 
the  living  Reptilia  is  that  of  the  Crocodilia,  including  the  living 
Crocodiles,  Alligators,  and  Gavials,  and  characterised  by  the 
following  peculiarities  : — 

The  body  is  covered  with  an  outer  epidermic  exoskeleton  com- 
posed of  horny  scales,  and  an  itmer  dermal  exoskeleton  co7isisting 
of  transverse  roivs  of  squared  bojiy  plates  or  scutes,  ivhich  may  be 
co7ifijted  to  the  dorsal  surface  alo?te,  or  may  exist  on  the  vent)-al 
surface  as  well,  and  which  are  disposed  on  the  back  of  the  neck 
into  groups  of  different  fo7i7i  and  number  in  ce7'tain  species.  The 
bo7ies  of  the  skull  a7id  face  are  fir/7ily  imited  together,  a7id  the  two 
halves  or  ra77ii  of  the  lower  jaw  a7'e  imited  i7i  f7'07it  by  a  sutim. 
There  is  a  si7igle  row  of  teeth,  which  are  i77ipla7ited  i7i  disti7ict 
sockets,  and  hollowed  at  the  base  for  the  germs  of  the  new 
teeth,  by  which  they  are  successively  pushed  out  and  replaced 
during  the  life  of  the  animal.  The  ce7it7-a  of  the  dorsal  verteb7-ce 
in  all  livi7ig  C7'ocodilia  are  procoelous,  or  co7icave  i7i  front,  but 
in  the  extinct  forms  they  may  be  either  amphicoelous  (con- 
cave at  both  ends)  or  opisthocoelous  (concave  behind).  The 
vertebral  ends  of  the  anterior  trunk-ribs  are  bifurcate.  There 
are  two  sacral  vertebrae.  The  cervical  vertebrae  have  small 
ribs  (hence  the  difficulty  experienced  by  the  animal  in  turn- 
ing quickly) ;  and  there  are  generally  false  abdominal  ribs 
produced  by  the  ossification  of  the  tendinous  intersections 
of  the  recti  muscles.  There  are  no  clavicles.  The  heart 
C07isists  of  four  co77ipletely  disti7ict  a7id  separate  cavities,  tioo 
au7'icles,  a7id  two  ve/itricles ;  theve7itricular  septu7n — as  i7i  no  other 
Reptiles — bei7ig  complete.  The  right  a7id  left  ao7-tcB,  howei'e7'—or, 
171  other  words,  the  pul77i07ia7y  artery  a7id  syste77iic  aorta — are 
co7i7iected  together  close  to  their  origi7i  by  a  s77iall  apertu7-e  {fora- 
77ien  Pa7iizzce),  so  that  the  two  sides  of  the  hea7't  conmnmicate  with 
07ie  a7wthe7'.  The  aperture  of  the  cloaca  is  lo7igitudi7ial,  and  7iot 
t7'a7isverse  as  in  the  Lizards.  All  the  four  li77ibs  are  prese7it,  tlie 
a7iterior  07ies  bei7ig  pe7itadactyloics,  the  posterior  tctradactylous. 
All  are  oviparous. 

The  chief  points  by  which  the  Crocodiles  are  distinguished 
from  their  near  allies  the  Lacertilians,  are  the  possession  of  a 
partial  bony  dermal  exoskeleton  in  addition  to  the  ordinary 
epidermic  covering  of  scales,  the  lodgment  of  the  teeth  in 
distinct  sockets,  and  the  fact  that  the  mixture  of  venous  and 
arterial  blood,  which  is  so  characteristic  of  Reptiles,  takes 
place,  not  in  the  heart  itself,  but  in  its  immediate  neighbour- 
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hood,  by  a  communication  between  the  puhnonary  artery  and 
aorta  directly  after  their  origin. 

When  the  exoskeleton  is  complete  (as  in  Caiman),  it  con- 
sists of  transverse  rows  of  quadrate  bony  plates  disposed  so  as 
to  form  a  distinct  dorsal  and  ventral  shield,  which  are  separ- 
ated by  soft  skin  in  the  region  of  the  trunk,  but  become  conflu- 
ent in  the  tail.  All  the  scutes  of  one  row  are  united  by  suture, 
and  successive  rows  usually  movably  overlap  one  another. 

The  only  other  points  about  the  Crocodiles  which  require 
special  notice  are,  that  the  eyes  are  protected  by  movable 
eye-lids ;  the  ear  is  covered  by  a  movable  ear-lid ;  the  nasal 
cavities  open  in  front  by  a  single  nostril,  and  are  shut  off  from 
the  cavity  of  the  mouth,  but  open  far  back  into  the  cavity  of 
the  pharynx ;  and  lastly,  the  tongue  is  large  and  fleshy,  and  is 


Fig.  287.— A,  Head  and  anterior  portion  of  the  body  of  Crocodilus  iondicerianus  • 
B,  Hind-foot  of  the  same.    (After  Gunther.) 


immovably  attached  to  the  bottom  of  the  mouth.  (Hence  the 
belief  of  the  ancients  that  the  Crocodile  had  no  tongue.)  The 
tail  is  long  and  compressed,  with  two  rows  of  keeled  plates 
which  unite  about  its  middle  to  form  a  single  crest,  which  is 
continued  to  its  extremity.  The  feet  are  palmate  or  semi- 
palmate,  and  only  the  three  inner  toes  on  each  foot  possess 
claws.  The  eyes  possess  three  distinct  lids,  and  there  are  two 
glands  under  the  throat  secreting  a  musky  substance. 
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The  Crocodilia  abound  in  the  fresh  waters  of  hot  countries, 
and^  are  the  largest  of  all  living  Reptiles,  not  uncommonly 
attaining  a  length  of  twenty  feet  or  upwards. 

They  are  divided  by  Owen  into  three  sub-orders,  according  to  the  shape 
of  the  dorsal  vertebr:s,  termed  the  Frocoelia,  Amphiccelia,  and  Opistho- 
coilia. 

Sub-order  i.  Proccelia. — In  this  sub-order  are  all  the  living  members  of 
the  Crocodilia.,  distinguished  by  having  the  bodies  of  the  dorsal  vertebrae 
concave  in  front  (procoelous).  Three  distinct  types  may  be  distinguished 
amongst  the  living  Crocodilia.  The  Gavial  is  distinguished  by  its  elongated 
snout,  at  the  extremity  of  which  the  nostril  is  placed,  and  by  the  fact  that 
the  teeth  are  pretty  nearly  equal  in  size  and  similar  in  form  in  the  two 
jaws.  In  the  true  Crocodiles  (fig.  288)  the  fourth  tooth  in  the  lower  jaw 
is  larger  than  the  others,  and  forms  a  canine  tooth,  which  is  received  into 
a  notch  excavated  in  the  side  of  the  alveolar  border  of  the  upper  jaw,  so 
that  it  is  visible  externally  when  the  mouth  is  closed.  In  the  Caimans  or 
Alligators  the  same  tooth  in  the  lower  jaw  forms  a  canine,  but  it  is  received 
into  a  pit  in  the  palatal  surface  of  the  upper  jaw,  where  it  is  entirely  con- 
cealed when  the  mouth  is  shut.  The  Crocodiles  have  the  hind-legs  bor- 
dered by  a  toothed  fringe,  and  the  toes  completely  united  by  membrane. 
They  are  essentially  natives  of  fresh  water,  but  sometimes  frequent  the 
mouths  of  rivers.  They  occur  chiefly  in  Asia  and  Africa,  but  species  are 
found  in  some  of  the  West  Indian  Islands.  The  Alligators  have  the  hind- 
legs  simply  rounded,  and  the  feet  not  completely  webbed.  They  are 
essentially  aquatic,  and  are  voracious  animals,  living  upon  fish  or  Mam- 
mals. The  best-known  species  are  the  Alligator  of  the  southern  United 
States  {A.  Mississippiensis),  the  Caiman  {A.  palpebrosus)  of  Surinam  and 
Guiana,  and  the  "Jacare"  or  Spectacled  Alligator  {A.  sclerops)  of  Brazil. 
The  Gavials  inhabit  fresh  waters,  and  appear  to  be  exclusively  confined  to 


Fig.  288.— Skull  of  young  Crocodiltts  biporcatus.  (After  Van  der  Hoeven.) 

the  Ganges  and  other  large  rivers  of  India.  The  Gangetic  {orm  {Gaviabs 
Gangeiicus),  in  spite  of  its  numerous  pointed  teeth,  is  not  so  highly  car- 
nivorous as  the  true  Crocodiles. 

True  procoelian  Crocodiles  occur  for  the  first  time  in  the  Greensancl 
(Cretaceous  series)  of  North  America.  In  Europe,  however,  the  earliest 
remains  of  procoelian  Crocodiles  are  from  the  Lower  Tertiary  rocks  (Eo- 
cene). It  is  a  curious  fact  that  in  the  Eocene  rocks  of  the  soutli-west  of 
England,  there  occur  fossil  remains  of  all  the  three  living  types  of  the  Croco- 
dilia—namely,  the  Gavials,  true  Crocodiles,  and  Alligators  ;  though  at  the 
present  day  these  forms  are  all  geographically  restricted  m  then"  range,  and 
are  very  partially  associated  together. 

Sub-order  2.  Amphica:lia.—i:hQ  Amphicoalian  Crocodiles,  with  bicon- 
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cave  vertebrte,  are  entirely  extinct.  They  have  but  a  limited  geological 
range,  extending  only  from  the  Trias  to  the  Chalk  inclusive,  and  being 
therefore  strictly  Mesozoic.  The  biconcave  vertebrce  show  a  decided  ap- 
proach to  the  structure  of  the  backbone  in  fishes  ;  and  as  the  rocks  in 
which  they  occur  are  marine,  there  can  be  little  doubt  but  that  these  Croco- 
diles were,  in  the  majority  of  cases  at  any  rate,  marine.  The  most  import- 
ant genera  belonging  to  this  order  are  Teleosaums,  Belodon,  Siagotiolepis, 
Steneosanrus,  Dakosauriis,  Makrospondylus,  and  Suchosaurus,  the  last 
being  from  the  fresh-water  deposits  of  the  Wealden  (Cretaceous). 

Sub-order  2,-  Opisthoccelia. — The  sub-order  of  the  Opisthoccelian  Croco- 
diles, including  those  forms  in  which  the  anterior  trunk  vertebras  are  con- 
cave behind,  is  one  which  can  be  only  provisionally  retained.  Professor 
Owen  includes  in  this  section  the  two  genera  Streptosp07idylus  and  Cetio- 
satirus ;  but  the  latter  is  referable  to  the  Deinosatiria,  and  will  be  treated 
of  when  that  order  is  considered.  The  genus  Streptospondylus  has  been 
founded  on  vertebrae  obtained  from  the  Oolitic  and  Wealden  formations  ; 
but  there  are  doubts  as  to  the  true  position  of  the  reptile  to  which  these 
belonged. 


CHAPTER  LXIII. 

EXTINCT  ORDERS  OF  REPTILES. 

It  remains  now  to  consider  briefly  the  leading  characters  of 
six  wholly  extinct  orders  of  Reptiles,  the  peculiarities  of  which 
are  very  extraordinary,  and  are  such  as  are  exhibited  by  no 
living  forms. 

Order  V.  Ichthyopterygia,  Owen  ( =  Ichthyosauria,  Hux- 
ley). The  gigantic  Saurians  forming  this  order  were  distin- 
guished by  the  following  characters  : — 

The  body  was  fish-like,  toithout  any  distinct  neck,  and  proba- 
bly covered  ivith  a  smooth  or  wrinkled  skin,  no  horny  or  bony 
exoskeleton  having  been  ever  discovered.  The  vertebrce  7uere  nu- 
merous,  deeply  biconcave  or  amphicKlous,  and  having  the  neural 
■arches  united  to  the  caitra  by  a  distinct  suttcre.  The  anterior 
truiik-ribs  possess  bifurcate  heads.  There  is  no  sacrum,  and  no 
sternal  ribs  or  stermtm,  but  clavicles  were  present  as  well  as  an 
interclavicle  [epistemum) ;  and  false  ribs  were  developed  in  the 
walls  of  the  abdomen.  The  skull  had  enormous  orbits  separated  by 
a  septum,  and  an  elojigated  snout.  The  eye-ball  was  protected  by  a 
ring  of  bony  plates  in  the  sclerotic.  The  teeth  were  not  lodged  in 
distinct  sockets,  but  in  a  common  alveolar  groove.  The  fore  afid 
hind  limbs  were  converted  into  swijnming-paddles,  the  ordinary 
number  of  digits  {five)  remai7iing  recognisable,  but  the  phalanges 
being  greatly  increased  in  n  umber,  and  marginal  ossicles  being  add- 
d  as  well.  A  vertical  caudal  fin  was  in  all  probability  present. 


538  MANUAL  OF  ZOOLOGY, 

The  order  Ichihyopterygia  includes  only  the  gigantic  and 
fish-hke  Ichthyosauri  (fig.  289),  all  exclusively  Mesozoic,  and 


abounding  in  the  Lias,  Oolites,  and  Chalk,  but  especially  char- 
acteristic of  the  Lias.  If,  however,  the  Eosauriis  Acadiensis 
(Marsh)  of  the  Coal-measures  of  Nova  Scotia  be  rightly  re- 


h  b 


Fig.  290. — A,  Pectoral  arch  and  fore-limbs  of  Ichthyosaurus:  a  Interclavicle  ;  bb 
Clavicles  ;  c  c  Scapulae  ;  d  d  Coracoids  ;  c  Humerus  ;  f  Radius  ;  g  Ulna.  (Some- 
what altered  from  Huxley).  B,  Pelvis  of  Ichthyosaurus :  p  Pubis  ;  il  Ilium  ;  is 
Ischium. 


ferred  to  this  order,  then  the  Ichthyopterygia  date  from  the  Car- 
boniferous period.  There  is  no  doubt  whatever  but  that  the 
Ichthyosauri  were  essentially  marine  animals,  and  they  have 
been  often  included  with  the  next  order  {Sauropterygia)  in 
a  common  group,  under  the  name  of  Enaliosauria  or  Sea- 
lizards. 

In  the  biconcave  vertebrse  and  probable  presence  of  a  ver- 
tical tail-fin,  the  Ichthyosaurus  approaches  the  true  fishes. 
There  is,  however,  no  doubt  as  to  the  fact  that  the  animal  was 
strictly  an  air-breather,  and  its  reptilian  characters  cannot  be 
questioned,  at  the  same  time  that  the  conformation  of  the  limbs 
is  decidedly  Cetacean  in  many  respects.    Much  has  been 


VERTEBRATA  :  REPTILIA. 


539 


gathered  from  various  sources  as  to  the  habits  of  the  Ichthyo- 
saurus, and  its  history  is  one  of  great  interest.  From  the  re- 
searches of  Buckland,  Conybeare,  and  Owen,  the  following 
facts  appear  to  be  pretty  well  established  : — That  the  Ichthyo- 
sauri kept  chiefly  to  open  waters  may  be  inferred  from  their 
strong  and  well-developed  swimming-apparatus.  Tliat  they 
occasionally  had  recourse  to  the  shore,  and  crawled  upon  the 
beach,  may  be  safely  inferred  from  the  presence  of  a  strong 
and  well-developed  bony  arch,  supporting  the  fore-limbs,  and 
closely  resembling  in  structure  the  scapular  arch  of  the  Orni- 
thorhynchus  or  Duck-mole  of  Australia.  That  they  lived  in 
stormy  _seas,  or  were  in  the  habit  of  diving  to  considerable 
depths,  is  shown  by  the  presence  of  a  ring  of  bony  plates  in  the 
sclerotic,  protecting  the  eye  from  injury  or  pressure.  That 
they  possessed  extraordinary  powers  of  vision,  especially  in  the 
dusk,  is  certain  from  the  size  of  the  pupil,  and  from  the  enor- 
mous width  of  the  orbits.  That  they  were  carnivorous  and 
predatory  in  the  highest  degree  is  shown  by  the  wide  mouth, 
the  long  jaws,  and  the  numerous,  powerful,  and  pointed  teeth. 
This  is  proved,  also,  by  an  examination  of  their  petrified  drop- 
pings, which  are  known  to  geologists  as  "  coprolites,"  and 
which  contain  numerous  fragments  of  the  scales  and  bones  of 
the  Ganoid  fishes  which  inhabited  the  same  seas. 

Order  VI.  Sauropterygia,  Owen  {  =  Flesiosauj-ia,  Hux- 
ley). This  order  of  extinct  reptiles,  of  which  the  well-known 
Plesiosauriis  may  be  taken  as  the  type,  is  characterised  by  the 
following  peculiarities  : — 

The  body,  as  far  as  is  known,  was  naked,  and  not  furnished 
with  any  horny  or  bony  exoskeleton.    The  bodies  of  the  veiiebrce 


Fig.  291. — Plcsiosamiis  dolickodeirus. 


were  either  fiat  or  o?ily  slightly  cupped  at  each  end,  and  the  neural 
arches  were  anchylosed  with  the  centra,  and  did  not  i-emain  dis- 
tinct during  life.  The  transverse  processes  of  the  vertebrae  were 
king,  and  the  anterior  trunk-ribs  had  simple,  not  bifurcate,  heads. 
No  stermmi  or  stenial  ribs  are  knowri  to  have  existed,  but  there 
were  false  abdominal  ribs.  The  neck  (fig.  291)  in  most  was  greatly 
elongated,  and  composed  of  numerous  veiiebrcB.  The  sacrum  7vas 
composed  of  two  vertebrcz.    The  orbits  were  of  large  size,  and  there 
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was  a  long  snout,  as  in  the  Ichthyosatcri,  hid  there  was  no  circle  of 
bony  plates ^  in  the  sclerotic.  The  limbs  agree  with  those  of  the  Ich- 
thyosauri  in  being  in  the  fonn  of  swimming-paddles  (fig.  292),  but 

differ  in  not  possessing  any  supernumerary 

J marginal  ossicles.  A  pectoral  arch,  formed 
of  two  clavicles  and  an  iiiter clavicle  {epi- 
sternum),  appears  to  have  been  sonietimes,  if 
a  not  always,  presetit.  The  teeth  were  simple, 
and  were  inserted  iiito  distinct  sockets,  and 
not  lodged  in  a  comnion  groove. 

^   c        'The  most  familiar  and  typical  member 

rvVy  of  the  Sauropterygia  is  the  Plesiosaiinis 

.Swwd  (^S-  291)'  a  gigantic  marine  reptile,  chiefly 

'^X^a^  characteristic  of  the  Lias  and  Oolites.  As 

regards  the  habits  of  the  Plesiosaurus,  Dr 
^Og^  Conybeare  arrives  at  the  following  con- 

o^'a^j  elusions  : — "  That  it  was  aquatic  is  evi- 

dent  from  the  form  of  its  paddles  ;  that  it 
was  marine  is  almost  equally  so  from  the  || 
Fig-  292-— Left  fore-paddle  remains  with  which  it  is  universally  asso- 

of  Plesiosaiinis.    a  Hu-      ■   .    j      ,i     .  •.  i  •        ii  • 

merus;   Radius ;  cUina.  ciated ;  that  it  may  havc  occasionally  vis- 
ited the  shore,  the  resemblance  of  its  ex- 
tremities to  those  of  the  Turtles  may  lead  us  to  conjecture ;  its  I 
movements,  however,  must  have  been  very  awkward  on  land;  '  I 
and  its  long  neck  must  have  impeded  its  progress  through  the  ' 
water,  presenting  a  striking  contrast  to  the  organisation  which 
so  admirably  fits  the  Ichthyosaurus  to  cut  through  the  waves." 
As  its  respiratory  organs  were  such  that  it  must  of  necessity 
have  required  to  obtain  air  frequently,  we  may  conclude  "  that 
it  swam  upon  or  near  the  surface,  arching  back  its  long  neck  1 
like  a  swan,  and  occasionally  darting  it  down  at  the  fish  which 
happened  to  float  within  its  reach.     It  may,  perhaps,  have 
lurked  in  shoal  water  along  the  coast,  concealed  amongst  the 
sea-weed ;  and  raising  its  nostrils  to  a  level  with  the  surface 
from  a  considerable  depth,  may  have  found  a  secure  retreat 
from  the  assaults  of  powerful  enemies ;  while  the  length  and 
flexibility  of  its  neck  may  have  compensated  for  the  want  of 
strength  in  its  jaws,  and  its  incapacity  for  swift  motion  through 
the  water." 

The  geological  range  of  the  Plesiosaurus  is  from  the  Lias  to 
the  Chalk  inclusive,  and  specimens  have  been  found  indicating 
a  length  of  from  eighteen  to  twenty  feet. 

Of  the  other  genera  of  the  Sauropterygia,  Simosaurus  and 
JVothosaurus  are  from  the  Trias,  and  are  chiefly  characteristic 
of  its  middle  division,  the  Muschelkalk.    Placodus  is  another 
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venus,  also  from  the  Muschelkalk,  and  is  characterised  by  the 
extraordinary  form  of  the  teeth,  which  resembled  those  of 
many  fishes  in  forming  broad  crushing  plates,  constituting  a 

kind  of  pavement. 

Order  VII.  Anomodontia,  Owen  Dicynodontia,  Hux- 
ley). The  leading  characters  of  this  order  are  to  be  found  in 
the  structure  of  the  jaws,  which  appear  to  have  been  sheathed 
in  horn  so  as  to  co7istitute  a  kind  of  beak,  very  like  that  of 
the  Chelonians.    In  the  genus  Oiidenodon  (fig.  293),  both  jaws 


Fig.  293. — A,  Skull  of  Dicynodon  lacerticeps,  showing  the  maxillary  tusk.    B,  Skull 
oi  Otidenodoji  Bainii,    From  the  Trias  of  South  Africa.    (After  Owen.) 

seem  to  have  been  altogether  destitute  of  teeth ;  but  in  Dicy- 
nodon (fig.  293)  there  were  two  long  tusks,  growing  from  per- 
sistent pulps,  placed  one  on  each  side  in  the  upper  jaw.  The 
pectoral  and  pelvic  arches  were  very  strojig,  and  the  liinbs  were 
well  developed  atid fitted  for  walking,  and  not  for  swimmi?ig. 

Dicynodon  and  OudenodoJi  are  known  only  from  strata  of 
supposed  Triassic  age  in  South  Africa  and  India,  but  Rhyncho- 
saurus  occurs  in  the  Trias  of  Europe.  This  last  genus,  how- 
ever, is  placed  by  Huxley  amongst  the  Lacertilia. 

Order  VIII.  Pterosauria  {Ornithosauria,  Seeley). — This 
order  includes  a  group  of  extraordinary  flying  Reptiles,  all  be- 
longing to  the  Mesozoic  epoch,  and  exhibiting  in  many  respects 
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a  very  extraordinary  combination  of  characters.  The  most  fa- 
miliar members  of  the  order  are  the  so-called  "  Pterodactyles," 
and  the  following  are  the  characters  of  the  order : — 

No  exoskdeton  is  known  to  have  existed.  The  dorsal  vertebra 
are  procoilous,  and  the  antej-ior  trunk-ribs  are  double-headed. 
There  is  a  broad  sternum  with  a  median  ridge  or  keel,  and  ossified 
sternal  ribs.  The  jaws  were  generally  armed  with  teeth,  and 
these  were  itnplanted  in  distinct  sockets.  In  some  forms  {Ram- 
phorhynchus)  there  appear  to  have  been  no  teeth  in  the  ante- 
rior portion  of  the  jaws,  and  these  parts  seem  to  have  been 
sheathed  in  horn,  so  as  to  constitute  a  kind  of  beak.  In  the 
genus  Pteranodon,  from  the  Cretaceous  rocks  of  North  America, 
comprising  gigantic  examples  of  the  order,  the  jaws  are  com- 
pletely destitute  of  teeth,  and  appear  to  have  been  encased  in 
a  horny  beak. 

A  ring  of  bony  plates  occurs  in  the  sclerotic  coat  of  the  eye.  The 
pectoral  arch  consists  of  a  scapula  and  distinct  coracoid  bone, 
articulating  zvith  the  sternum  as  in  Birds,  but  no  clavicles  have 
hitherto  been  discovered.    The  fore-limb  (fig.  294)  co7isists  of  a 


Fig.  2g^.—Pierodactyius  brevirostris.    Skeleton  and  restoration. 

humerus,  ulna  and  radius,  carpus,  and  hand  of  four  fingers,  oj 
which  the  ijmer  three  are  short  and  unguiculate,  whilst  the  outer- 
most is  claiuless  and  is  enormously  elongated.  Between  this  im- 
mensely-lengthened finger,  the  side  of  the  body,  and  the  compara- 
tively small  hind-limb,  there  must  have  been  supported  an  ex- 
panded flying-membrane,  or  patagium,''  zvhich  the  animal  must 
have  been  able  to  employ  as  a  wing,  much  as  the  bats  of  the  pres- 
ent day.  Lastly,  most  of  the  bones  7uere  ''pneumatic  ''—that  ts 
to  say,  were  hollow  and  filled  with  air. 

By  the  presence  of  teeth  in  distinct  sockets,  and,  as  will  be 
seen  hereafter,  especially  in  the  structure  of  the  limbs,  the 
Pterodactyles  differed  from  all  known  Birds,  and  there  can  be 
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little  question  as  to  their  being  genuine  Reptiles.  The  only 
Reptiles,  however,  now  existing,  which  possess  any  power  of 
sustaining  themselves  in  the  air,  are  the  little  Dragons  {Draco), 
but  these  can  only  take  extended  leaps  from  tree  to  tree,  and 
cannot  be  said  to  have  any  power  of  flight  properly  so  called. 
That  the  Pterodactyles,  on  the  other  hand,  possessed  the 
power  of  genuine  flight,  is  shown  by  the  presence  of  a  median 
keel  upon  the  sternum,  proving  the  existence  of  unusually  de- 
veloped pectoral  muscles ;  by  the  articulation  of  the  coracoid 
bones  with  the  top  of  the  sternum,  providing  a  fixed  point  or 
fulcrum  for  the  action  of  the  pectoral  muscles ;  and,  lastly, 
by  the  existence  of  air-cavities  in  the  bones,  giving  the  animal 
the  necessary  degree  of  lightness.  The  apparatus,  however, 
of  flight  was  not  a  "wing,"  as  in  Birds,  but  a  flying  membrane, 
very  similar  in  its  mode  of  action  to  the  patagium  of  the  Mam- 
malian order  of  the  Bats.  The  patagium  of  the  Bats,  however, 
differs  from  that  of  the  Pterodactyles  in  being  supported  by 
the  greatly-elongated  fingers,  whereas  in  the  latter  it  is  only 
the  outermost  finger  which  is  thus  lengthened  out.  The  diffi- 
culty as  to  the  position  of  the  Pterosauria  is  evaded  by  Mr 
Seeley  by  placing  them  in  a  distinct  class,  which  he  terms 
Ornithosauria,  and  which  he  regards  as  most  nearly  related 
to,  but  coequal  with,  the  class  Aves. 

The  Pterosauria  are  exclusively  Mesozoic,  being  found  from 
the  Lower  Lias  to  the  Chalk  inclusive,  the  Lithographic  Slate 
of  Solenhofen  (Upper  Oolite)  being  particularly  rich  in  their 
remains.  Most  of  them  appear  to  have  attained  no  very  great 
size,  but  the  remains  of  a  species  from  the  Cretaceous  rocks 
have  been  considered  to  indicate  an  animal  with  more  than 
twenty  feet  expanse  of  wing,  counting  from  tip  to  tip. 

In  the  genus  Pierodaclyltis  proper,  the  jaws  are  provided 
with  teeth  to  their  extremities,  all  the  teeth  being  long  and 
slender. 

In  Biinorphodon,  the  anterior  teeth  are  large  and  pointed, 
the  posterior  teeth  small  and  lancet-shaped. 

In  Ramphorhyiichus,  the  anterior  portion  of  both  jaws  is 
edentulous,  and  may  have  formed  a  horny  beak,  but  teeth 
are  present  in  the  hinder  portion  of  the  jaws. 

In  Pterariodon,  lasdy,  the  jaws  are  completely  edentulous, 
and  were  probably  ensheathed  in  horn.  This  genus,  along 
with  some  small  forms,  includes  the  largest  known  members 
of  the  order. 

Order  IX.  Dinosauria,  or  Deinosauria. — The  last  order 
of  extinct  Reptiles  is  that  of  the  Dmosaiiria,  comprising  a 
group  of  very  remarkable  Reptiles,  which  are  in  some  respects 
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intermediate  in  their  characters  between  the  Struthious  Birds 
and  the  typical  Reptiles;  whilst  they  have  been  supposed  to 
liaye  affinities  to  the  Pachydermatous  Mammals.  Most  of  the 
J^tnosaurta  were  of  gigantic  size,  and  the  order  is  defined  bv 
the  tollowing  characters  : — 

The  skin  was  sovietimes  naked,  sometimes  furnished  with  a 

well-  developed  exoskeleton, 
C07isisti7ig  of  bony  shields, 
much  resembling  those  of 
the  Crocodiles.    A  few  of 
the  anterior  vertebra  were 
opisthocoelous,  the  remainder 
having  fiat  or  slightly  bi- 
concave bodies.    The  ante- 
rior trunk-ribs  were  double- 
headed.    The  teeth  were  con- 
fined to  the  jaws  and  im- 
planted in  distinct  sockets. 
There  were   always  two 
pairs  of  limbs,  and  these 
were  strong,  funnshed  with 
claws,  and  adapted  for  ter- 
restrial progression.  In 
some  cases  the  fore -limbs 
were  vefy  small  i?i  propor- 
tion to  the  size  of  the  hind- 
limbs.    No  clavicles  have 
been  discovered. 

The  teeth  are  sometimes 
implanted  in  distinct  sock- 
ets, and  they  are  never 
anchylosed  with  the  jaws. 
The  ischium  and  pubes 
are  much  elongated ;  the 
inner  wall  of  the  acetab- 
ulum is  formed  by  mem- 


Fig.  295. — Leg  of  Deinosaur.  z7  Ilium  ;  is 
Ischium  ;  f  Femur  ;  t  Tibia  ;  j  Fibula  ;  as 
Astragalus  ;  ca  Calcaneum  ;  m  Metatarsus. 
(After  Huxley.) 


brane ;  the  tibia  has  its  proximal  end  prolonged  anteriorly 
into  a  strong  crest ;  and  the  astragalus  is  bird-like  (Huxley). 

The  most  remarkable  points  in  the  organisation  of  the 
Dinosauria  are  connected  with  the  structure  of  the  pelvis 
and  hind-limb,  the  characters  of  which,  as  pointed  out  by 
Huxley,  approximate  to  those  of  the  same  parts  in  the  Birds, 
and  especially  in  the  Struthious  Birds.  This  approximation 
is  especially  seen  in  the  prolongation  of  the  ilium  in  front  of 
the  acetabulum  (fig.  295),  the  elongation  and  slenderness  of 
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form  of  the  ischium,  and  the  slenderness  of  the  pubes.  The 
astragalus  is  like  that  of  a  bird,  and  in  some  cases  appears 
to  have  become  anchylosed  with  the  distal  end  of  the  tibia. 
The  metatarsal  bones,  however,  remain  distinct,  and  are  not 
anchylosed  with  any  of  the  tarsal  bones  to  form  a  "tarso- 
metatarsus." 

The  most  familiar  examples  of  the  Dinosauria  are  Megalosaurtis  and 
Igiianodon. 

Megalosaurns  is  a  gigantic  Oolitic  Reptile,  which  occurs  also  in  the 
Cretaceous  series  (Weald  Clay).  Its  length  has  been  estimated  at  between 
forty  and  fifty  feet,  the  femur  and  tibia  each  measuring  about  three  feet 
in  length.  As  the  head  of  the  femur  is  set  on  nearly  at  right  angles  with 
the  shaft,  whilst  all  the  long  bones  contain  large  medullary  cavities,  there 
can  be  no  doubt  but  that  Megalosaurtis  was  terrestrial  in  its  habits.  That 
it  was  carnivorous  and  destructive  in  the  highest  degree  is  shown  by  the 
powerful,  pointed,  and  trenchant  teeth. 

The  Iguanodon  is  mainly,  if  not  exclusively,  Cretaceous,  being  especially 
characteristic  of  the  great  delta-deposit  of  the  Wealden.  The  length  of 
the  Iguanodon  has  been  estimated  as  being  probably  from  fifty  to  sixty 
feet ;  and  from  the  close  resemblance  of  its  teeth  to  those  of  the  living 
Iguanas,  there  is  little  doubt  that  it  was  herbivorous  and  not  carnivorous. 
The  femur  of  a  large  Iguanodon  measures  from  four  to  five  feet  in  length, 
with  a  circumference  of  twenty-two  inches  in  its  smallest  part.  From  the 
disproportionately  small  size  of  the  fore-limbs,  and  from  the  occurrence  of 
pairs  of  gigantic  three-toed  footsteps  in  the  same  beds,  it  has  been  con- 
cluded, with  much  probability,  that  Iguanodon,  in  spite  of  its  enormous 
bulk,  must  have  walked  temporarily  or  permanently  upon  its  hind-legs, 
thus  coming  to  present  a  most  marked  and  striking  ai^inity  to  the  Birds. 

The  most  remarkable,  however,  of  the  Dinosauria,  is  the  little  Coinp- 
sognatkus  longipes,  from  the  Lithographic  Slate  of  Solenhofen,  referred  to 
this  order  by  Professor  Huxley.  This  Reptile  is  not  remarkable  for  its 
size,  which  does  not  seem  to  have  been  much  more  than  two  feet,  but  for 
the  singular  affinities  which  it  exhibits  to  the  true  Birds.  The  head  of 
Compsognathus  was  furnished  with  toothed  jaws,  and  supported  upon  a  long 
and  slender  neck.  The  fore-limbs  were  very  short,  but  the  hind-limbs 
were  long  and  like  those  of  Birds.  The  proximal  portion  of  the  tarsus 
resembled  that  of  Birds  in  being  anchylosed  to  the  lower  end  of  the  tibia  ; 
but  the  distal  portion  of  the  tarsus — unlike  that  of  Birds — was  free,  and 
was  not  anchylosed  with  the  metatarsus.  Huxley  concludes  that  "it  is 
impossible  to  look  at  the  conformation  of  this  strange  Reptile,  and  to 
doubt  that  it  hopped  or  walked  in  an  erect  or  semi-erect  position,  after  the 
manner  of  a  Bird,  to  which  its  long  neck,  slight  head,  and  small  anterior 
limbs  must  have  given  it  an  extraordinary  resemblance." 

_  The  researches  of  Professor  Phillips,  further,  have  now  shown  that  the 
gigantic  Ceiiosaurus  of  the  Oolitic  and  Cretaceous  rocks,  formerly  referred 
to  the  Crocodilia,  is  tmly  a  Deinosaur.  Its  total  length  is  estimated  at 
probably  not  less  than  sixty  or  seventy  feet. 

Order  X.  Theriodontia. — This  order  has  been  founded 
by  Professor  Owen  for  the  reception  of  a  number  of  carnivor- 
ous Reptiles  from  deposits  of  Triassic  or  Permian  age.  The 
Reptiles  in  question  show  some  singular  Mammalian  affinities, 
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especially  to  the  Beasts  of  Prey.  The  dentiUon  is  of  the  carnivor- 
ous  type,  the  teeth  being  in  three  distinct  sets — viz.,  incisors,  canines 
and  molars,  a?id  the  cafiines  being  targe  and  pointed.  ' 

In  Cynodraco,  which  may  be  regarded  as  the  type  of  the 
group,  the  canines  are  not  only  of  immense  size,  but  are  corn- 


Fig.  296. — A,  Front  view  of  the  skull  of  Lycosaitfiis,  showing  the  dentition.  B,  Front 
view  of  the  jaws  of  Cynodraco  serridem,  showing  the  incisor  teeth.  C,  Side  view  of 
the  jaws  of  Lycosaurjis,  showing  the  incisors  and  the  laniariform  canines ;  c  Canines. 
(After  Owen.) 


pressed  in  shape,  and  have  the  hinder  trenchant  border  of  the 
tooth  minutely  serrated,  thus  resembling  the  canines  of  the 
Sabre-toothed  Tiger  (Machairodus).  The  humerus  is,  further, 
furnished  with  a  "  supra-condyloid  foramen  "  (similar  to  that 
of  the  humerus  of  Felidce  and  other  carnivorous  Mammals)  for 
the  protection  of  the  median  nerve  and  brachial  artery  on 
their  way  down  the  arm.  Whilst  Cynodraco  is  the  type  of  the 
Theriodontia,  Prof.  Owen  is  of  opinion  that  a  number  of  other 
genera  (such  as  Galesatcrus,  Cynochampsa,  Lycosanrus,  Sec), 
principally  of  Triassic  age,  are  likewise  referable  to  the  same 
order. 
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DIVISION  II—SAUROPSIDA, 


CHAPTER  LXIV. 

CLASS    IV.  — A  VES. 

The  fourth  class  of  the  Vertebrata  is  that  of  Aves^  or  Birds. 
The  Birds  may  be  shortly  defined  as  being  "  oviparous  Verte- 
brates with  warm  blood,  a  double  circulation,  and  a  covering 
of  feathers  "  (Owen).  More  minutely,  however,  the  Birds  are 
defined  by  the  possession  of  the  following  characters  : — 

The  embryo  possesses  an  amnion  and  allantois,  and  branchi^ 
or  gills  are  never  developed  at  any  time  of  life  upon  the  visceral 
arches.  The  skull  articulates  with  the  vertebral  column  by  a 
single  occipital  condyle.  The  form  of  the  vertebral  centra 
varies;  but  they  are  in  no  case  amphicoelous,  except  in  the 
remarkable  extinct  form  described  under  the  name  of  Ichthyor- 
nis.  Each  half  or  ramus  of  the  lower  jaw  consists  of  a  number 
of  pieces,  which  are  separate  from  one  another  in  the  embryo ; 
and  the  jaw  is  united  with  the  skull,  not  directly,  but  by  the 
intervention  of  a  quadrate  bone  (as  in  the  Reptiles).  The  fore- 
limb  in  no  existing  birds  possesses  more  than  three  fingers  or 
digits,  and  the  metacarpal  bones  are  anchylosed  together.  In 
all  living  birds  the  fore-limbs  are  useless  as  regards  prehension, 
and  in  most  they  are  organs  of  flight.  The  hind-limbs  in  all 
birds  have  the  ankle-joint  placed  in  the  middle  of  the  tarsus, 
the  proximal  portion  of  the  tarsus  coalescing  with  the  tibia, 
and  the  distal  portion  of  the  tarsus  being  anchylosed  with  the 
metatarsus  to  constitute  a  single  bone  known  as  the  "  tarso- 
metatarsus." 

The  heart  consists  of  four  chambers,  two  auricles,  and  two 
ventricles ;  and  not  only  are  the  right  and  left  sides  of  the 
heart  completely  separated  from  one  another,  but  there  is  no 
communication  between  the  pulmonary  and  systemic  circula- 
tions, as  there  is  in  Reptiles.  There  is  only  one  aortic  arch, 
the  right.    The  blood  is  hot,  having  an  average  temperature  of 
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as  much  as  103°  to  104°.  The  blood-corpuscles  are  oval  and 
nucleated. 

The  respiratory  organs  are  in  the  form  of  spongy  cellular 
lungs,  which  are  not  freely  suspended  in  pleural  sacs ;  and  the 
bronchi  open  on  their  surface  into  a  number  of  air-sacs,  placed 
in  different  parts  of  the  body. 

All  birds  are  oviparous,  none  bringing  forth  their  young 
alive,  or  being  even  ovo-viviparous.  All  birds  are,  lastly,  pro- 
vided with  an  epidermic  covering,  so  modified  as  to  constitute 
what  are  known  as  feathers. 

Professor  Huxley's  account  of  the  method  in  which  feathers  are  produced 
is  so  remarkably  clear,  that  no  apology  is  necessary  for  quoting  it  in  its 
entirety.    Feathers  "  are  evolved  within  sacs  from  the  surface  of  conical 
papillte  of  the  dermis.    The  external  surface  of  the  dermal  papilla,  whence 
a  feather  is  to  be  developed,  is  provided  upon  its  dorsal  surface  with  a 
median  groove,  which  becomes  shallower  towards  the  apex  of  the  papilla. 
From  this  median  groove  lateral  furrows  proceed  at  an  open  angle,  and 
passing  round  upon  the  under  surface  of  the  papilla,  become  shallower, 
until,  in  the  middle  line,  opposite  the  dorsal  median  groove,  they  become 
obsolete.    Minor  grooves  run  at  right  angles  to  the  lateral  furrows.  Hence 
the  surface  of  the  papilla  has  the  character  of  a  kind  of  mould,  and  if  it 
were  repeatedly  dipped  in  such  a  substance  as  a  solution  of  gelatine,  and 
withdrawn  to  cool  until  its  whole  surface  was  covered  with  an  even  coat  of 
that  substance,  it  is  clear  that  the  gelatinous  coat  would  be  thickest  at  the 
basal  or  anterior  end  of  the  median  groove,  at  the  median  ends  of  the  late- 
ral furrows,  and  at  those  ends  of  the  minor  grooves  which  open  into  them ; 
whilst  it  would  be  very  thin  at  the  apices  of  the  median  and  lateral  grooves, 
and  between  the  ends  of  the  minor  gi-ooves.    If,  therefore,  the  hollow  cone 
of  gelatine,  removed  from  its  mould,  were  stretched  from  withm,  or  if  its 
thinnest  parts  became  weak  by  drying,  it  would  tend  to  give  way,  along 
the  inferior  median  line,  opposite  the  rod-like  cast  of  the  median  groove, 
and  between  the  ends  of  the  casts  of  the  lateral  furrows,  as  well  as  between 
each  of  the  minor  grooves,  and  the  hollow  cone  would  expand  into  a  flat 
feather-like  structure,  with  a  median  shaft,  and  a  '  vane  '  formed  of  '  barbs ' 
and  'barbules.'    In  point  of  fact,  in  the  development  of  a  feather,  such  a 
cast  of  the  dermal  papilla  is  formed,  though  not  in  gelatine,  but  in  the  homy 
epidermic  layer  developed  upon  the  mould,  and  as  this  is  thrust  outwards, 
it  opens  out  in  the  manner  just  described.   After  a  certain  period  of  growth 
the  papilla  of  the  feather  ceases  to  be  grooved,  and  a  continuous  homy 
cylinder  is  formed,  which  constitutes  the  '  quill.'  " 

A  typical  feather  (fig.  297)  consists  of  the  following  parts  :— 
I.  The  "  quill"  or  "  calamus"  {a\  which  forms  the  basal  por- 
tion of  the  feather,  by  which  it  is  inserted  in  the  skin  on  its 
own  dermal  papilla.  It  is  the  latest-formed  portion  of  the  fea- 
ther, and  consists  of  a  hollow  horny  cylinder.  2.  The  "shaft' 
or  "  rachis  "  {b),  which  is  simply  a  continuation  of  the  quilI, 
and  which  forms  the  central  axis  of  the  feather.  The  inferior 
surface  of  the  shaft  always  exhibits  a  strong  longitudinal  groove, 
and  it  is  composed  of  a  horny  external  sheath,  containmg  a 
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white  spongy  substance,  very  like  the  pith  of  a  plant.  3.  The 
shaft  carries  the  lateral  expansions  or  "webs"  of  the  feather, 
collectively  constituting  the  "vane" 
or  "  vexillum."  Each  web  is  com- 
posed of  a  number  of  small  bran- 
ches, which  form  an  open  angle 
with  the  shaft,  and  which  are  known 
as  the  "barbs"  (c).  The  margins 
of  each  barb  are,  in  turn,  furnished 
with  a  series  of  still  smaller  branches, 
which  are  known  as  the  "  barbules." 
As  a  general  rule,  the  extremities 
of  the  barbules  are  hooked,  so  that 
those  springing  from  the  one  side 
of  each  barb  interlock  with  those 
springing  from  the  opposite  side  of 
the  next  barb.  In  this  way  the 
barbs  are  kept  in  apposition  with 
one  another  over  a  greater  or  less 
portion  of  the  entire  web.  More 
or  less  of  the  barbs  in  the  lower 
portion  of  the  feather  are,  however, 
disunited,  and  not  connected  by 
their  barbules ;  and  these  consti- 
tute what  is  known  as  the  "  down." 
In  the  Ostriches,  Emeus,  and  some 
others,  all  the  barbs  of  the  fea- 
thers are  disconnected,  giving  to 
the  plumage  of  these  birds  its  pecu- 
liarly soft  character.  At  the  point 
where  the  shaft  joins  the  quill 
there  is  very  generally  found  a  small 
feather,  known  as  the  "  accessory 
plume,"  or  "after-shaft"  ("hypo- 
rachis  ").  This  is  usually  much  the 
same  in  structure  as  the  main  fea- 
ther, but  considerably  smaller.  It 
may,  however,  be  as  large  as  the 
original  featlier,  or  it  may  be  re- 
duced to  nothing  more  than  a  tuft 
of  down. 


Fig.  297.— Quill-feather  {Siettopsis). 
a  Quill  or  barrel  ;  b  Shaft ;  r  r 
Webs,  composed  of  the  barbs,  and 
together  forming  the  "vane." 


The  feathers  vary  in  different  parts  of  the  bird,  and  are  generally  divided 
into  those  which  cover  the  body— "  clothing  feathers  "—and  those  which 
occur  in  the  wings  and  tail— "  quill-feathers. "  As  regards  the  great  quill- 
tcathers  of  the  wings,  the  longest  are  those  which  arise  from  the  bones  of 
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the  hand,  and  they  are  called  the  "primaries."  Those  which  arise  from 
the  distal  end  of  the  fore-arm  (radius  and  ulna)  are  termed  the  "second- 
aries," and  those  which  are  attached  to  the  proximal  end  of  the  fore-arm 
are  the  "  tertiaries."  The  feathers  which  lie  over  the  humerus  and 
scapula  are  the  "scapulars."  The  rudimentary  "thumb"  also  carries 
some  quills,  which  form  what  is  known  as  the  "alula,"  or  "  bastard-wing." 
The  smaller  feathers,  which  cover  the  bases  of  the  quill-feathers  above 
and  below,  are  the  "wing-coverts  " — "greater,"  "lesser,"  and  "under." 
The  great  quill-feathers  of  the  tail  ("  rectrices ")  form  a  kind  of  fan,  of 
great  use  in  steering  the  bird  in  flight ;  and  their  bases  are  covered  by  a 
series  of  feathers  which  constitute  the  "tail-coverts."  Generally  there  are 
ten  or  twelve  "  rectrices  ; "  but  there  may  be  as  many  as  twenty-four  (as  in 
the  Pelican),  or  rarely  more  ;  and  they  do  not  cany  "accessory  plumules." 
In  addition  to  the  "clothing-feathers  "  and  the  quill-feathers  of  the  wings 
and  tail,  the  body  is  protected  by  a  more  or  less  abundantly  developed 
coating  of  "  down-feathers"  ("  plumulse  "),  in  which  the  barbules  are  not 
hooked,  and  the  barbs  are  therefore  free.  In  some  cases  there  is  no  shaft 
to  the  down-feathers,  and  the  barbs  are  attached  in  a  tuft  to  the  end  of  the 
quill.  In  other  cases,  the  feathers  closely  approximate  to  hairs  in  fomi, 
being  very  long,  slender,  and  flexible.  These  "  filoplumse "  consist  of  a 
delicate  shaft,  either  destitute  of  vanes,  or  carrying  a  few  barbs  at  the 
extremity. 

Though  apparently  completely  covered  with  feathers,  these  appendages 
ai-e  really  almost  always  confined  to  certain  special  tracts  ("pterylae")  in 
the  body  of  a  bird,  the  intervening  spaces  ("apteria")  being,  with  few 
exceptions,  naked.  These  feathered  and  unfeathered  regions  are  definite 
in  form,  size,  and  arrangement  in  many  great  groups  of  birds,  and  can  thus 
be  used  as  an  uiiportant  aid  to  classification. 

The  entire  skeleton  of  the  Birds  is  singularly  compact,  and  at 
the  same  time  singularly  light.  The  compactness  is  due  to  the 
presence  of  an  unusual  amount  of  phosphate  of  hme ;  and  the 
lightness,  to  the  absence  in  many  of  the  bones  of  the  ordinary 
marrow,  and  its  replacement  by  air. 

As  regards  the  vertebral  column,  birds  exhibit  some  very  in- 
teresting peculiarities.  The  cervical  region'  of  the  spine  is 
unusually  long  and  flexible,  since  the  fore-limbs  are  useless  as 
organs  of  prehension,  and  all  acts  of  grasping  must  be  exer- 
cised either  by  the  beak  or  by  the  hind-feet,  or  by  both  acting 
in  conjunction.  In  all  birds  alike,  the  neck  is  sufficiently  long 
and  flexible  to  allow  of  the  application  of  the  beak  to  an  oil- 
gland  placed  at  the  base  of  the  tail,  this  act  being  necessary 
for  the  due  performance  of  the  operation  of  "  preening  "—that 
is,  of  lubricating  and  cleaning  the  plumage.  The  cer\acal 
vertebra  vary  in  number  from  eight  to  twenty-three.  The 
front  faces  of  their  centra  are  cylindroidal  (spheroidal  m 
Penguins),  corivex  from  above  downwards,  and  concave  from  side 
to  side,  the  posterior  faces  being  concave  from  above  down- 
wards and  convex  from  side  to  side.  Hence  in  vertical  sec- 
tion, the  vertebra  appear  to  be  opistJwcoelous,  and  in  horizontal 
section  procxlous.    This  structure  of  the  cervical  vertebras  is 
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highly  characteristic  of  Birds.  The  dorsal  vertebras  vary  from 
six  to  ten  in  number,  and  of  these  the  anterior  four  or  five  are 
generally  anchylosed  with  one  another,  so  as  to  give  a  base  of 
resistance  to  the  wings.  In  the  Cursorial  Birds,  however  (such 
as  the  Ostrich  and  Emeu),  and  in  some  others  (such  as  the 
Penguin),  in  which  the  power  of  flight  is  wanting,  the  dorsal 
vertebra  are  all  more  or  less  freely  movable  one  upon  another. 
There  are  no  lumbar  vertebrae,  but  all  the  vertebrae  between 
the  last  dorsal  and  the  first  caudal  (varying  from  nine  to 
twenty)  are  anchylosed  together  to  form  a  bone  which  is  or- 
dinarily known  as  the  "  sacrum."  To  this,  in  turn,  the  iliac 
bones  are  anchylosed  along  ^their  whole  length,  giving  perfect 
immobility  to  this  region  of  the  spine  and  to  the  pelvis. 

The  coccygeal  or  caudal  vertebrae  vary  in  number  from  eight 
to  ten,  and  are  movable  upon  one  another.  In  reality,  how- 
ever, the  number  of  caudal  vertebrae  is  much  greater  than  the 
above,  since  some  of  the  vertebrae  of  the  anchylosed  "  sacrum  " 
properly  fall  to  be  counted  in  this  region,  and  the  "  plough- 
share-bone "  consists  of  more  than  one  vertebra.  The  most 
noticeable  feature  about  this  part  of  the  spinal  column  is  what 
is  known  as  the  "  ploughshare-bone."  This  is  the  last  joint 
of  the  tail,  and  is  a  long,  slender,  ploughshare-shaped  bone, 
destitute  of  lateral  processes,  and  without  any  medullary  canal 
(fig.  301,  B).  In  reality  it  consists  of  two  or  more  of  the 
caudal  vertebrae,  completely  anchylosed,  and  fused  into  a 
single  mass.  It  is  usually  set  on  to  the  extremity  of  the  spine 
at  an  angle  more  or  less  nearly  perpendicular  to  the  axis  of  the 
body ;  and  it  affords  a  firm  basis  for  the  support  of  the  great 
quill-feathers  of  the  tail  ("rectrices").  It  also  supports  the 
coccygeal  oil-glands,  and  can  be  raised  at  pleasure,  so  as  to 
meet  the  bill,  when  the  operation  of  preening  is  in  progress. 
In  the  Cursorial  Birds,  which  do  not  fly,  the  terminal  joint 
of  the  tail  is  not  ploughshare-shaped.  In  the  extraordinary 
Mesozoic  bird,  the  Archczopteryx  macrura,  there  is  no  plough- 
share-bone, and  the  tail  consists  of  twenty  separate  vertebrae, 
all  distinct  from  one  another,  and  each  carrying  a  pair  of  quill- 
feathers,  one  on  each  side  (fig.  301).  As  the  vertebrae  of  the 
ploughshare-bone  are  distinct  from  one  another  in  the  em- 
bryos of  existing  birds,  the  tail  of  the  Archaoptcryx  is  to  be 
regarded  as  a  case  of  the  permanent  retention  in  the  adult 
of  an  embryonic  character.  In  the  increased  number  of 
caudal  vertebrae,  however,  and  in  some  other  characters,  the 
tail  of  the  Archczopteryx  makes  a  decided  approach  to  the  true 
Reptiles. 

The  various  bones  which  compose  the  skull  of  Birds  are 
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amalgamated  in  the  adult  so  as  to  form  a  single  piece,  and  the 
sutures  even  are  obliterated,  the  lower  and  upper  jaws  alone  re- 
maining movable.  The  occipital  bone  carries  a  single  occipital 
condyle  only,  and  this  is  hemispherical  or  nearly  globular  in 
shape.  The  "  beak  "  (%.  298),  which  forms  such  a  conspicuous 
feature  in  all  birds,  consists  of  an  upper  and  lower  half,  or  a 
"  superior"  and  "  inferior  mandible."  The  upper  mandible  is 
composed  almost  entirely  of  the  greatly  elongated  intermaxillary 
bones  flanked  by  the  comparatively  small  superior  maxillse. 
The  inferior  mandible  is  primitively  composed  of  twelve  pieces, 
six  on  each  side ;  but  in  the  adult  these  are  all  indistinguishably 


Fig.  298. — Skull  of  Spur-winged  Goose  {Plectroptertis  Gambensis). 


amalgamated  with  one  another,  and  the  lower  jaw  forms  a  single 
piece.  As  in  the  Reptiles,  the  lower  jaw  articulates  with  the 
skull,  not  directly,  but  through  the  intervention  of  a  distinct 
bone — the  quadrate  bone  or  tympanic  bone — which  always 
remains  permanently  movable,  and  is  never  anchylosed  with 
the  skull.  In  no  living  bird  are  teeth  ever  developed  in  either 
jaw,  but  both  mandibles  are  encased  in  horn,  forming  the  beak, 
and  the  margins  of  the  bill  are  sometimes  serrated.  The 
quadrate  bone  ("os  carre"  of  the  French)  is  in  contact  at  one 
end  with  an  elongated  bone  ( jugal  bone),  the  other  end  of  which 
comes  against  the  palate.  By  the  depression  of  the  lower  jaw, 
assisted  by  proper  muscles,  the  quadrate  bone  is  brought  for- 
ward, and  the  jugal  bone  is  thus  made  to  elevate  the  palate 
and  upper  jaw.  With  one  or  two  exceptions  the  upper  mandible 
is  thus  movable  in  all  birds. 

The  thoracic  cavity  is  bounded  behind  by  the  dorsal  verte- 
brae, which  are  usually,  as  before  said,  anchylosed  to  one  ano- 
ther to  a  greater  or  less  extent.  Laterally,  the  thorax  is  bounded 
by  the  ribs,  which  vary  in  number  from  six  to  ten  pairs.  In 
most  birds,  each  rib  carries  a  peculiar  process — the  uncinate 
process  " — which  arises  from  its  posterior  margin,  is  directed 
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upwards  and  backwards,  and  passes  over  the  rib  next  in  succes- 
sion behind,  where  it  is  bound  down  by  ligament.  The  first 
and  last  dorsal  ribs  carry  no  uncinate  processes,  and  in  some 
cases  tlie  processes  continue  throughout  life  as  separate  pieces 
(fig.  299,  B).  Anteriorly,  the  ribs  articulate  with  a  series  of 
straight  bones,  which  are  called  the  "  sternal  ribs,"  but  which 
in  reality  are  to  be  looked  upon  as  the  ossified  "  costal  carti- 
lages." These  sternal  ribs  (fig.  299,  B)  are  in  turn  movably 
articulated  to  the  sternum  in  firont,  and  "  they  are  the  centres 
upon  which  the  respiratory  movements  hinge"  (Owen).  In 
front  the  thoracic  cavity  is  completed  by  an  enormously-ex- 
panded sternum  or  breast-bone,  which  in  some  birds  of  great 
powers  of  flight  extends  over  the  abdominal  cavity  as  well,  in 
some  cases  even  reaching  the  pelvis.  The  sternum  of  all 
birds  which  fly,  is  characterised  by  the  presence  of  a  greatly- 
developed  median  ridge  or  keel  (fig.  299,  A),  to  which  are  at- 
tached the  great  pectoral  muscles  which  move  the  wings.  As  a 
general  rule,  the  size  of  this  sternal  crest  allows  a  very  tolerable 
estimate  to  be  formed  of  the  flying  powers  of  the  bird  to  which 
it  may  have  belonged ;  and  in  the  Ostriches  and  other  birds 
which  do  not  fly,  there  is  no  sternal  keel.  At  its  anterior 
angles  the  sternum  exhibits  two  pits  for  the  attachment  of  the 
coracoid  bones. 

The  scapular  or  pectoral  arch  consists  of  the  shoulder-blade 
or  scapula,  the  collar-bone  or  clavicle,  and  the  coracoid  bone, 
on  each  side.  The  scapula,  as  a  rule  (fig.  299,  A,  s  s),  is  a 
simple  elongated  bone,  not  flattened  out  into  a  broad  plate, 
and  carrying  no  transverse  ridge,  or  spinous  process.  Only  a 
portion  of  the  glenoid  cavity  for  the  articulation  with  the  head 
of  the  humerus  is  formed  by  the  scapula,  the  remainder  being 
formed  by  the  coracoid.  The  coracoid  bones  (fig.  299,  A,  k  k) 
coiTespond  with  the  coracoid  processes  of  man ;  but  in  birds 
they  are  distinct  bones,  and  are  not  anchylosed  with  the  scap- 
ula. The  coracoid  bone  on  each  side  is  always  the  strongest 
of  the  bones  forming  the  scapular  arch.  Superiorly  it  articu- 
lates with  the  clavicle  and  scapula,  and  forms  part  of  the 
glenoid  cavity  for  the  humerus.  Inferiorly  each  coracoid  bone 
articulates  with  the  upper  angle  of  the  sternum.  The  position 
of  the  coracoids  is  more  or  less  nearly  vertical,  so  that  they 
form  fixed  points  for  the  action  of  the  wings  in  their  down- 
ward stroke.  The  clavicles  (fig.  299,  A,  c)  are  rarely  rudimen- 
tary or  absent,  and  are  in  some  few  cases  separate  bones.  In 
the  great  majority,  however,  of  birds,  the  clavicles  are  anchy- 
losed together  at  their  anterior  extremities,  so  as  to  form  a 
single  bone,  somewhat  V-shaped,  popularly  knoAvn  as  the 
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"  merry-thought,"  and  technically  called  the  ''furculum  "  ("four- 
chette  "  of  the  French).    The  outer  extremities  of  the  furculum 


Fig.  299 — A,  Breast-bone,  shoulder-girdle,  and  fore-limb  of  Penguin  (after  Owen): 
b  Sternum,  with  the  sternal  keel ;  J  ^  Scapulse  ;  k  k  Coracoid  bones  ;  c  Furculum  or 
merry-thought,  composed  of  the  united  clavicles  ;  k  Humerus  ;  71  Ulna  ;  r  Radius; 
t  Thumb  ;  m  Metacarpus  ;  Phalanges  of  the  fingers.  B,  Ribs  of  the  Golden 
Eagle  :  a  a  Ribs  giving  off  [b  b)  uncinate  processes  ;  c  c  Sternal  ribs. 


articulate  with  the  scapula  and  coracoid ;  and  the  anchylosed 
angle  is  commonly  united  by  ligament  to  the  top  of  the  ster- 
num. The  function  of  the  clavicular  or  furcular  arch  is  "to 
oppose  the  forces  which  tend  to  press  the  humeri  inwards 
towards  the  mesial  plane,  during  the  downward  stroke  of  the 
wing"  (Owen).  Consequently  the  clavicles  are  stronger,  and 
their  angle  of  union  is  more  open,  in  proportion  to  the  powers 
of  flight  possessed  by  each  bird.  The  furculum  is  rudimentary 
in  the  Ostrich,  Emeu,  and  Cassowary,  and  it  is  absent  in  the 
Apteryx  and  some  Parrots. 

We  have  next  to  consider  the  structure  of  the  bones  which 
compose  the  fore-limb  or  "wing"  of  the  bird;  and  as  this 
organ  is  the  one  which  chiefly  conditions  the  peculiar  life  of 
the  bird,  it  is  in  it  that  we  find  some  of  the  most  characteristic 
points  of  structure  in  the  whole  skeleton.  Though  consider- 
ably modified  to  suit  its  function  as  an  organ  of  aerial  progres- 
sion, the  wing  of  the  bird  is  readily  seen  to  be  homologous 
with  the  arm  of  a  man  or  the  fore-limb  of  a  Mammal  (fig.  299, 
A,  and  fig.  300).    The  upper  arm  {brachiiim)  is  supported  by 
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a  single  bone,  the  humerus,  which  is  short  and  strong,  and 
articulates  above  with  the  articular  cavity  formed  partly  by 
the  scapula  and  partly  by  the  coracoid  (fig.  300,  h).  The 


Fig.  300. — Fore-limb  of  the  Jer-falcon.    h  Humerus  ;  r  Radius;  it  Ulna  ;  t  "  Thumb  ;  " 
m  Metacarpals,  anchylosed  at  their  extremities  ;  /  /  Phalanges  of  fingers. 

liumerus  is  succeeded  distally  by  the  fore-arm  {antibrachium), 
constituted  by  the  normal  two  bones,  the  radius  and  ulna 
(fig.  300,  r,  u),  of  which  the  radius  is  the  smaller  and  more 
slender,  and  the  ulna  the  larger  and  stronger.  The  ulna  and 
radius  are  followed  inferiorly  by  the  bones  of  the  wrist  or 
carpus  ;  but  these  are  reduced  in  number  to  two  small  bones, 
one  radial  and  one  ulnar,  "so  wedged  in  between  the  anti- 
brachium  and  metacarpus  as  to  limit  the  motions  of  the  hand 
to  those  of  abduction  and  adduction  necessary  for  the  folding 
up  and  expansion  of  the  wing ;  the  hand  is  thus  fixed  in  a 
state  of  pronation;  all  power  of  flexion,  extension,  or  of  rota- 
tion, is  removed  from  the  wrist-joint,  so  that  the  wing  strikes 
firmly,  and  with  the  full  force  of  the  contraction  of  the  de- 
pressor muscles,  upon  the  resisting  air"  (Owen).  One  other 
bone  of  the  normal  carpus  (namely,  the  "  os  magnum  ")  is  pre- 
sent, but  this  is  anchylosed  with  one  of  the  metacarpals. 
There  are  thus  really  three  carpal  bones,  though  only  two 
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appear  to  be  present.  (According  to  Morse,  there  is  a /ouriA 
carpal,  which  early  anchyloses  with  the  base  of  the  meta- 
carpal of  the  middle  finger).  The  carpus  is  followed  by  the 
metacarpus,  the  condition  of  which  agrees  with  that  of  the 
carpal  bones.  The  two  outermost  of  the  normal  five  meta- 
carpals are  absent,  and  the  remaining  three  are  anchylosed— 
together  with  the  os  magnum — so  as  to  form  a  single  bone 
(fig.  300,  m).  This  bone,  however,  appears  externally  as  if 
formed  of  t7£;o  metacarpals  united  to  one  another  at  their 
extremities,  but  free  in  their  median  portion.  The  metacarpal 
bone  which  corresponds  to  the  radius  is  always  the  larger  of 
the  two  (as  being  really  composed  of  two  metacarpals),  and  it 
carries  the  digit  which  has  the  greatest  number  of  phalanges. 
This  digit  corresponds  with  the  "  index  "  finger,  and  it  is  com- 
posed of  two,  or  sometimes  three,  phalanges  (fig.  300,  /).  At 
the  proximal  end  of  this  metacarpal,  at  its  outer  side,  there  is 
generally  attached  a  single  phalanx,  constituting  the  so-called 
"thumb"  (fig.  300,  f),  which  carries  the  "bastard-wing,"  and 
is  sometimes  furnished  with  a  claw.  The  digit  which  is 
attached  to  the  ulnar  metacarpal  corresponds  to  the  middle 
finger,  and  never  consists  of  more  than  a  single  phalanx  (fig. 
300).  In  the  Apteryx  and  the  Cassowary  there  is  only  one 
complete  digit  to  the  hand. 

As  regards  the  structure  of  the  posterior  extremity  or  hind- 
limb,  the  pieces  which  compose  the  innominate  bones  (namely, 
the  ilium,  ischium,  and  pubes)  are  always  anchylosed  Vvdth  one 
another ;  and  the  two  innominate  bones  are  also  always  an- 
chylosed, by  the  medium  of  the  greatly-elongated  ilia,  with  the 
sacral  region  of  the  spine.  In  no  living  bird,  however,  with 
the  single  exception  of  the  Ostrich,  are  the  innominate  bones 
united  in  the  middle  line  in  front  by  a  symphysis  pubis.  The 
stability  of  the  pelvic  arch,  necessary  in  animals  which  sup- 
port the  weight  of  the  body  on  the  hind-limbs  alone,  is  amply 
secured  in  all  ordinary  cases  by  the  anchylosis  of  the  ilia  with 
the  sacrum. 

As  in  the  higher  Vertebrates,  the  lower  limb  (fig.  301,  A) 
consists  of  a  femur,  a  tibia  and  fibula,  a  tarsus,  metatarsus,  and 
phalanges ;  but  some  of  these  parts  are  considerably  obscured 
by  anchylosis.  The  femur  or  thigh-bone  (fig.  301,  A,  /)  is 
generally  very  short,  comparatively  speaking.  The  chief  bone 
of  the  leg  is  the  tibia  (/),  to  which  a  thin  and  tapering  fibula  (r) 
is  anchylosed.  The  upper  end  of  the  fibula,  however,  articu- 
lates with  the  external  condyle  of  the  femur.  The  ankle-jonit 
is  placed,  as  in  Reptiles,  between  the  proximal  and  distal 
portions  of  the  tarsus.    The  proximal  portion  of  the  tarsus, 
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consisting  of  two  bones  representing  the  astragalus  and  cal- 
caneum  or  the  former  only,  is  undistinguishably  amalgamated 


Fig.  301. — A,  Hind-limb  of  the  Loon  (Colymbus glacialis) — after  Owen  :  i  Innominate 
bone  :  y  Thigh-bone  or  femur  ;  t  Tibia,  with  the  proximal  portion  of  the  tarsus  an- 
chylosed  to  its  lower  end  ;  r  Fibula ;  m  Tarso-metatarsus,  consisting  of  the  distal 
portion  of  the  tarsus  anchylosed  with  the  metatarsus  ;  p p  Phalanges  of  the  toes.  B, 
Tail  of  the  Golden  Eagle  :  ^  Ploughshare-bone,  carrying  the  great  tail-feathers. 


with  the  lower  end  of  the  tibia.  The  distal  portion  of  the 
tarsus  is  anchylosed  with  the  second,  third,  and  fourth  meta- 
tarsals to  constitute  the  most  characteristic  bone  in  the  leg  of 
the  Bird — the  "tarso-metatarsus"  In  most  of  the  long- 

legged  birds,  such  as  the  Waders,  the  disproportionate  length 
of  the  leg  is  given  by  an  extraordinary  elongation  of  the  tarso- 
metatarsus. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits  of 
the  foot.  In  most  birds  the  foot  consists  of  three  toes  directed 
forwards  and  one  backwards — four  toes  in  all.  In  no  wild 
bird  are  there  more  than  four  toes,  but  often  there  are  only 
three,  and  in  the  Ostrich  the  number  is  reduced  to  two.  In 
all  birds  which  have  three  anterior  and  one  posterior  toe,  it  is 
the  posterior  thumb  or  hallux  (that  is  to  say,  the  innermost 


56o 


MANUAL  OF  ZOOLOGY. 


digit  of  the  hind-limb)  which  is  directed  backwards ;  and  it 
invariably  consists  of  hvo  phalanges  only,  its  metatarsal  being 
incomplete  and  united  as  a  rule  to  the  tarso-metatarsus  by 
ligament  only.  The  most  internal  of  the  three  anterior  toes 
(the  "index")  consists  of  three  phalanges;  the  next  ("middle") 
has  four  phalanges ;  and  the  outermost  toe  ("  annularis ")  is 
made  up  of  five  phalanges  (fig.  301,  A).  This  increase  in  an 
arithmetical  ratio  of  the  phalanges  of  the  toes,  in  proceeding 
from  the  inner  to  the  outer  side  of  the  foot,  obtains  in  almost 
all  birds,  and  enables  us  readily  to  detect  which  digit  is  sup- 
pressed, when  the  normal  four  are  not  all  present.  Variations 
of  different  kinds  exist,  however,  in  the  number  and  disposi- 
tion of  the  toes.  In  many  birds — such  as  the  Parrots — the 
outermost  toe  is  turned  backwards,  so  that  there  are  two  toes 
in  front  and  two  behind,  whilst  in  the  Trogons  the  inner  toe  is 
turned  back  with  the  hallux,  and  the  outermost  toe  is  turned 
forwards.  In  others,  again,  the  outer  toe  is  normally  directed 
forwards,  but  can  be  turned  backwards  at  the  will  of  the  ani- 
mal. In  the  Swifts,  on  the  other  hand,  all  four  toes  are  pre- 
sent, but  they  are  all  turned  forwards.  In  many  cases — 
especially  amongst  the  Natatorial  birds — the  hallux  is  wholly 
wanting,  or  is  rudimentary.  In  the  P^meu,  Cassowary,  Bus- 
tards, and  other  genera,  the  hallux  is  invariably  absent,  and 
the  foot  is  three-toed.  In  the  Ostrich  both  the  hallux  and  the 
next  toe  ("index")  are  wanting,  and  the  foot  consists  simply 
of  two  toes,  these  being  the  outer  toe  and  the  one  next  to  it. 
The  toes  are  mechanically  flexed  during  the  sleep  of  most 
birds  by  the  action  of  a  special  muscle  which  runs  from  the 
pubis  outside  the  knee  to  join  one  of  the  flexors  of  the  toes 
(the  flexor  digitorum  perforatus),  and  which  is  therefore  put 
on  the  stretch  whenever  the  leg  is  bent  upon  the  thigh. 

The  digestive  system  of  birds  comprises  the  beak,  tongue, 
gullet,  stomach,  intestines,  and  cloaca.  Teeth  are  invariably 
wanting  in  living  birds,  and  the  jaws  are  encased  in  horn,  con- 
stituting the  bill.  In  the  extinct  Odontoptcryx,  however,  the 
osseous  substance  of  the  jaws  is  prolonged  into  tooth-hke 
processes  of  two  sizes  ;  and  in  the  Odontornithes  of  the  Cre-  | 
taceous  period  the  jaws  are  furnished  with  true  teeth  implanted 
in  distinct  sockets.  The  form  of  the  bill  varies  enonnously 
in  different  birds,  and  it  is  employed  for  holding  and  tearing 
the  prey,  for  prehensile  purposes,  for  climbing,  and  in  some 
birds  as  an  organ  of  touch.  In  these  last-mentioned  cases  the 
bill  is  more  or  less  soft,  and  is  supplied  with  filaments  ot  the 
fifth  nerve.  In  many  birds,  too,  in  which  the  bill  is  not  soft, 
the  base  of  the  upper  mandible  is  surrounded  by  a  circle  d 
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naked  skin,  constituting  what  is  called  the  "cere,"  and  this, 
no  doubt,  serves  also  as  a  tactile  organ. 

The  tongue  of  birds  can  hardly  be  looked  upon  as  an  organ 
of  taste,  since  it  is  generally  cased  in  horn  like  the  mandibles. 
It  is,  in  fact,  principally  employed  as  an  organ  of  prehension  ; 
but  in  some  cases — as  in  the  Parrots — it  is  soft  and  fleshy,  and 
then,  doubtless,  is  to  some  extent  connected  with  the  sense 
of  taste.  It  is  essentially  composed  of  a  prolongation  of  the 
hyoid  bone  (the  glosso-hyal),  which  is  sheathed  in  horn,  and 
is  variously  serrated  or  fringed. 

Salivary  glands  are  invariably  present,  but  they  are  rarely 
of  large  size  (they  are  very  large  in  the  Woodpeckers  and 
Swifts),  and  they  have  often  a  very  simple  structure. 

In  accordance  with  the  structure  of  the  neck,  the  gullet  in 
birds  is  usually  of  great  length,  and  it  is  generally  very  dilat- 
able. In  the  carnivorous,  or  Raptorial,  and  in  the  granivorous 
birds,  the  gullet  (fig.  302,  0)  is  dilated  into  a  pouch,  which  is 


Fig.  302.— Digestive  System  of  the  common  Fowl  (after  Owen),  o  Gullet ;  c  Crop  • 
/  Proventnculus ;  g  Gizzard ;  sm  Small  intestine ;  k  Intestinal  caeca :  /  Laree  in- 
testme ;  cl  Cloaca. 


.ituated  at  the  lower  part  of  the  neclc,  just  in  front  of  the 
nerry-thought.  This  is  what  is  known  as  the  "crop"  or 
'  mgluvies  "  {c),  and  it  may  be  either  a  mere  dilatation  of  the 
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tube  of  the  gullet,  or  it  may  be  a  single  or  double  pouch. 
The  food  is  detained  in  the  crop  for  a  longer  or  shorter  time* 
according  to  its  nature,  before  it  is  subjected  to  the  action  of 
the  proper  digestive  organs.    The  oesophagus,  after  leaving 
the  crop,  shortly  opens  into  a  second  cavity,  which  is  known 
as  die  "  proventriculus  "  or  "ventriculus  succenturiatus  "  {p). 
This  is  the  true  digestive  cavity,  and  its  mucous  membrane 
is  richly  supplied  with  gastric  follicles  which  secrete  the  gastric 
juice.    The  proventriculus,  however,  corresponds  not  with  the 
whole  stomach  of  the  Mammals,  but  only  with  its  cardiac 
portion ;  and  it  opens  into  a  second  muscular  cavity,  which 
corresponds  to  the  pyloric  division  of  the  Mammahan  stomach. 
The  gizzard  {g)  is  situated  below  the  liver,  and  forms  in  all 
birds  an  elongated  sac,  having  two  apertures  above,  of  which 
one  conducts  into  the  duodenum,  or  commencement  of  the 
small  intestine,  whilst  the  other  communicates  with  the  pro- 
ventriculus.    The  two  chief  forms  of  gizzard  are  exhibited 
respectively  by  the  Raptorial  birds,  which  feed  on  easily- 
digested  animal  food,  and  the  Rasores  and  some  of  the  Nata- 
iores,  which  feed  on  hardly-digested  grains.    In  the  birds  of 
Rapine  the  gizzard  scarcely  deserves  the  name,  being,  as  a 
rule,  nothing  more  than  a  wide  membranous  cavity  with  thin 
walls.    In  the  granivorous  birds,  whose  hard  food  requires 
crushing,  the  gizzard  is  enormously  developed ;  its  lining  coat 
is  formed  of  a  thick,  horny  epithelium,  and  its  walls  are  ex- 
tremely thick  and  muscular.     This  constitutes  a  grinding 
apparatus,  like  the  stones  of  a  mill ;  whilst  the  "  crop "  or 
oesophageal  dilatation  maybe  compared  to  the  "hopper"  of 
a  mill,  since  it  supplies  to  the  gizzard  "  small  successive  quan- 
tities of  food  as  it  is  wanted"  (Owen).    Supplementing  the 
action  of  the  muscular  walls  of  the  gizzard,  and  acting  in  the 
place  of  teeth,  are  the  small  stones  or  pebbles,  which,  as  is  so 
well  known,  so  many  of  the  granivorous  birds  are  in  the  habit 
of  swallowing  with  their  food,  or  at  other  times.   In  fact,  there 
can  be  no  doubt  but  that  the  gravel  and  pebbles  sw^allowed 
by  these  birds  are  absolutely  essential  to  existence,  since  the 
gizzard,  without  this  assistance,  is  unable  properly  to  triturate 
the  food. 

The  intestinal  canal  extends  from  the  gizzard  to  the  cloaca, 
and  is,  comparatively  speaking,  short.  The  secretions  of  the 
liver  and  pancreas  are  poured  into  the  small  intestine,  as  m 
Mammals.  The  commencement  of  the  large  intestine  is  al- 
most always  furnished  with  two  long  "  cjeca "  or  blind  tubes, 
the  length  of  which  varies  a  good  deal  in  different  birds^(fig. . 
302,  k).    They  are  sometimes  wanting;  and  their  exact 
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tion  is  uncertain ;  though  they  are  most  probably  connected 
partly  with  digestion  and  partly  with  excretion.  The  large 
intestine  is  always  very  short — seldom  more  than  a  tenth  part 
of  the  length  of  the  body— and  it  terminates  in  the  "  cloaca  " 
(fig.  302,  cl).  This  is  a  cavity  which  in  all  birds  receives  the 
termination  of  the  rectum,  the  ducts  of  the  generative  organs, 
and  the  ureters  ;  and  serves,  therefore,  for  the  expulsion  of  the 
faeces,  the  generative  products,  and  the  urinary  secretion. 

Respiration*!^  effected  in  Birds  more  completely  and  actively 
than  in  any  other  class  of  the  Vertebrata,  and  as  the  result  of 
this,  their  average  temperature  is 
also  higher.  This  extensive  de- 
velopment of  the  respiratory  pro- 
cess is  conditioned  by  the  fact 
that,  in  addition  to  true  lungs,  air 
is  admitted  into  a  greater  or  less 
number  of  the  bones,  and  into  a 
number  of  cavities — the  so-called 
air-receptacles  —  which  are  distri- 
buted through  various  parts  of 
the  body.  By  this  extensive 
penetration  of  air  into  various 
parts  of  the  body,  the  aeration 
of  the  blood  is  effected  not  only 
in  the  lungs,  but  also  over  a 
greater  or  less  extent  of  the  sys- 
temic circulation  as  well  ;  and 
hence  in  Birds  this  process  attains 
its  highest  perfection.  The  cavi- 
ties of  the  thorax  and  abdomen 
are  not  separated  from  one  an- 
other by  a  complete  partition,  the 
diaphragm  being  only  present  in 
a  rudimentary  form.  The  lungs 
are  two  in  number,  of  a  bright- 
red  colour,  and  spongy  texture. 
They  are  confined  to  the  back  of 
the  thorax,  extending  along  each 
side  of  the  spine,  from  the  second 
dorsal  vertebra  to  the  kidney.  They  differ  from  the  lungs 
of  the  Mammals  in  not  being  freely  suspended  in  a  pleu- 
ral membrane.  The  pleura,  on  the  other  hand,  is  reflected 
only  over  the  anterior  surface  of  the  lungs.  The  bronchi,  or 
primary  divisions  of  the  windpipe  (fig.  303),  diminish  in  size 
as  they  pass  through  the  lung,  by  giving  off  branches,  which. 


Fig.  303. — Lung  of  Goose  (after  Owen). 
a  Main  bronchus  dividing  into  sec- 
ondary branches  as  it  enters  the  lung, 
these  giving  off  smaller  branches,  the 
openings  of  which  are  seen  on  the 
back  of  the  bronchial  tubes;  bb  Bris- 
tles passed  from  the  bronchi  through 
the  apertures  on  the  surface  of  the 
lung  by  which  the  bronchi  communi- 
cate with  the  air-receptacles. 


5^4  MANUAL  OF  ZOOLOGY. 


in  turn,  give  off  the  true  air-vesicles  of  the  lung.  When  th 
bronchial  tubes  reach  the  surface  of  the  lung,  they  open,  by 
series  of  distinct  apertures,  into  a  series  of  "  air-sacs."  These 
are  a  series  of  membranous  sacs  formed  by  the  continuation  of 
the  lining  membrane  of  the  bronchi,  and  supported  by  reflec- 
tions of  the  serous  membrane  of  the  thoracico-abdominal  cavit) . 
In  those  aquatic  birds  which,  like  the  Penguin,  do  not  enjoy  the 
power  of  flight,  the  air-cells  are  restricted  to  the  abdomen ;  but 
in  most  birds  they  are  continued  along  the  sides  of  the  neck 
and  limbs.  In  some  cases — as  the  PeHcan  and  Gannet — 
air-receptacles  are  situated  beneath  almost  the  whole  of  the 
integument.  The  air-cells  not  only  greatly  reduce  the  specific 
gravity  of  birds,  and  thus  fit  them  for  an  aerial  life,  but  also 
assist  in  the  mechanical  work  of  respiration,  and  must  also 
greatly  promote  the  aeration  of  the  blood. 

In  connection  with  the  air-receptacles,  and  as  an  extension 
of  them,  is  a  series  of  cavities  occupying  the  interior  of  a 
greater  or  less  number  of  the  bones,  and  also  containing  air. 
In  young  birds  these  air-cavities  do  not  exist,  and  the  bones 
are  filled  with  marrow  as  in  the  Mammals.  The  extent  also 
to  which  the  bones  are  "pneumatic"  varies  greatly  in  different 
birds.  In  the  Penguin — which  does  not  fly — all  the  bones 
contain  marrow,  and  there  are  no  air-cavities.  In  the  large 
Running  birds  (Ciirsores),  such  as  the  Ostrich,  the  bones  of 
the  leg,  pelvis,  spine,  ribs,  skull,  and  sternum,  are  pneumatic; 
but  the  bones  of  the  wings,  with  the  exception  of  the  scapular 
arch,  are  without  air-cavities,  and  permanently  retain  their 
marrow.  All  birds  which  fly,  with  the  singular  exception  of 
the  Woodcock,  have  air  admitted  to  the  humerus.  In  the 
Pelican  and  Gannet,  all  the  bones  of  the  skeleton,  except  the 
phalanges  of  the  toes,  are  penetrated  by  air;  and  in  the  Horn- 
bill  even  these  are  pneumatic.  The  functions  discharged  by 
the  air-cavities  of  the  bones  appear  to  be  much  the  same  as 
those  of  the  air-receptacles— namely,  that  of  diminishing  the 
specific  gravity  of  the  body  and  subserving  the  aeration  of  the 
blood. 

The  heart  in  all  Birds  consists  of  four  chambers,  two  auricles 
and  two  ventricles.  The  right  auricle  and  ventricle,  constitut- 
ing the  right  side  of  the  heart,  are  wholly  concerned  with  the 
pulmonary  circulation ;  the  left  auricle  and  ventricle,  forming 
the  left  side  of  the  heart,  are  altogether  occupied  with  the 
systemic  circulation ;  and  no  communication  normally  exists 
in  adult  life  between  the  two  sides  of  the  heart.  In  all  essen- 
tial details,  both  as  regards  the  structure  of  the  heart  itse  t 
and  the  course  taken  by  the  circulating  fluid,  Birds  agree  witn 
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Mammals.  The  venous  blood — namely,  that  which  has  circu- 
lated through  the  body — is  returned  by  the  venae  cavge  to  the 
right  auricle,  whence  it  is  poured  into  the  right  ventricle.  The 
right  ventricle  propels  it  through  the  pulmonary  artery  to  the 
lungs,  where  it  is  aerated,  and  becomes  arterial.  It  is  then 
sent  back  by  the  pulmonary  veins  to  the  left  auricle,  whence  it 
is  driven  into  the  left  ventricle.  Finally,  the  left  ventricle  pro- 
pels the  aerated  blood  to  all  parts  of  the  body  through  the 
great  systemic  aorta. 

The  chief  difference  between  Birds  and  Reptiles  as  regards 
the  course  of  circulation  is,  that  in  the  Birds  the  two  sides 
of  the  heart  are  completely  separated  from  one  another,  the 
blood  sent  to  the  lungs  being  exclusively  venous,  whereas  that 
which  is  sent  to  the  body  is  exclusively  arterial.  In  Reptiles, 
on  the  other  hand,  the  pulmonary  and  systemic  circulations 
are  connected  together  either  in,  or  in  the  immediate  neigh- 
bourhood of,  the  heart ;  so  that  mixed  venous  and  arterial 
blood  is  propelled  both  through  the  lungs  and  through  every 
part  of  the  body. 

In  accordance  with  their  extended  respiration  and  high  mus- 
cular activity,  the  complete  separation  of  the  greater  and  lesser 
circulations,  and  the  perfect  structure  of  the  heart.  Birds  main- 
tain a  higher  average  temperature  than  is  the  case  with  any 
other  class  of  the  Vertebrata.  This  result  is  also  to  a  consid- 
erable extent  conditioned  by  the  non-conducting  nature  of  the 
combined  down  and  feathers  which  form  the  integumentary 
covering  of  Birds. 

The  urinary  organs  of  Birds  consist  of  two  elongated  kid- 
neys, and  two  ureters,  but  there  is  no  urinary  bladder.  The 
ureters  open  into  the  cloaca,  or  into  a  small  urogenital  sac 
which  communicates  with  the  cloaca. 

As  regards  the  reproductive  organs,  the  males  have  two  testes 
placed  above  the  upper  extremities  of  the  kidneys,  and  their 
efferent  ducts  {vasa  defcrentia)  open  into  the  cloaca  alongside 
of  the  ureters.  A  male  organ  {penis)  may  or  may  not  be  pre- 
sent, but  there  is  no  perfect  urethra.  The  female  bird,  as  a 
general  rule,  is  provided  with  only  one  ovary  and  oviduct — 
that  of  the  left  side — the  corresponding  organs  of  the  right  side 
being  rudimentary  or  absent.  The  oviduct  is  very  long  and 
tortuous,  and  the  egg,  during  its  passage  through  it,  receives 
the  albuminous  covering  which  serves  for  the  nutrition  of  the 
embryo,  and  which  is  known  as  the  "white"  of  the  egg.  The 
lower  portion  of  the  oviduct  is  dilated,  and  the  egg  receives 
here  the  calcareous  covering  which  constitutes  the  "shell." 
Finally,  the  oviduct  debouches  into  the  cloaca,  into  which  the 
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egg,  when  ready,  is  expelled.  The  further  development  of  the 
chick  is  secured  by  the  process  of  "  incubation  "  or  brooding, 
foi  which  birds  are  peculiarly  adapted,  in  consequence  of  the 
high  temperature  of  their  bodies. 

The  development  of  the  ovum  belongs  to  physiology,  and 
does  not  concern  us  here.  It  is  sufficient  to  notice  the  means 
by  which,  in  many  cases  the  chick  is  ultimately  enabled  to 
escape  from  the  egg.  When  development  has  reached  a  stage 
at  which  external  life  is  possible,  it  is  of  course  necessary  for 
the  chick  to  be  liberated  from  the  egg,  the  shell  of  which  is 
often  extremely  hard  and  resistant.  To  this  end  the  young 
bird  is  provided  with  a  little  calcareous  knob  on  the  point  of 
the  upper  mandible,  and  by  means  of  this  it  chips  out  an  aper- 
ture through  the  shell.  Having  effected  its  purpose,  this  tempo- 
rary appendage  then  disappears,  without  leaving  a  trace  behind. 

The  state  of  the  young  upon  exclusion  from  the  egg  is  very 
different  in  different  cases,  and  in  accordance  with  this,  Birds 
have  been  divided  into  the  two  sections  of  the  Aictophagi  or 
Aves  prcBcoces,  and  the  Heterophagi  or  Aves  altrices.  In  the 
Autophagi  the  young  bird  is  able  to  run  about  and  help  itself 
from  the  moment  of  liberation  from  the  egg.  In  the  Hetero- 
phagi the  young  are  born  in  a  blind  and  naked  state,  unable 
to  feed  themselves,  or  even  to  maintain  unassisted  the  neces- 
sary vital  heat.  In  these  birds,  therefore,  the  young  require 
to  be  brooded  over  and  fed  by  the  parents  for  a  longer  or 
shorter  period  after  exclusion  from  the  egg. 

As  regards  their  nervous  system,  the  brain  of  Birds  is  rela- 
tively larger,  especially  as  regards  the  size  of  the  cerebrum 
proper,  than  the  brain  of  Reptiles,  but  its  chief  mass  consists 
of  the  corpora  striata.  The  cerebellum  is  less  developed  than 
in  Mammals,  the  lateral  lobes  and  Pons  Varolii  being  rudi- 
mentary. The  corpus  callosum  is  absent,  and  the  surface  of 
the  cerebral  hemispheres  is  devoid  of  convolutions. 

As  regards  the  organs  of  the  senses,  the  eyes  are  always  well 
developed,  and  in  no  bird  are  they  ever  rudimentary  or  absent. 
The  chief  peculiarity  of  the  eye  is  that  the  cornea  forms  a 
segment  of  a  much  smaller  sphere  than  does  the  eyeball  pro- 
per, so  that  the  anterior  part  of  the  eye  is  obtusely  conical, 
whilst  the  posterior  portion  is  spheroidal.  Another  peculiarity 
is  that  the  form  of  the  eye  is  maintained  by  a  ring  of  from 
thirteen  to  twenty  bony  plates,  which  are  placed  in  the  anterior 
portion  of  the  sclerotic  coat.  Eyelashes  are  almost  universally 
absent ;  but  in  addition  to  the  ordinary  upper  and  lower  eye- 
lids, Birds  possess  a  third  membranous  eyelid— the  "  membrana 
nictitans  "—which  is  sometimes  pearly-white,  sometimes  more 
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or  less  transparent.*  This  third  e3^elid  is  placed  on  the  inner 
side  of  the  eye,  and  possesses  a  special  muscular  apparatus,  by 
which  it  can  be  drawn  over  the  anterior  surface  of  the  eye,  like 
a  curtain,  moderating  the  intensity  of  the  light.  As  to  the 
organ  of  hearing,  most  birds  possess  no  external  ear  or  concha, 
by  which  sounds  can  be  collected  and  transmitted  to  the  in- 
ternal ear.  In  some  birds,  however,  as  in  the  Ostrich  and 
Bustard,  the  external  meatus  auditorius  is  surrounded  by  a 
circle  of  feathers,  which  can  be  raised  and  depressed  at  will. 
The  Nocturnal  Birds,  also,  especially  Owls,  have  the  external 
meatus  auditorius  protected  by  a  musculo-membranous  valve, 
which  foreshadows  the  cartilaginous  concha  of  the  majority  of 
Mammals.  The  external  nostrils  in  Birds  are  usually  placed 
on  the  sides  of  the  upper  mandible,  near  its  base,  in  the  form 
of  simple  perforations,  which  sometimes  communicate  -from 
side  to  side  by  the  deficiency  of  the  septum  narium.  In  the 
singular  Apteryx  of  New  Zealand,  the  nostrils  are  placed  at  the 
extreme  end  or  tip  of  the  elongated  upper  mandible.  Some- 
times the  nostrils  are  defended  by  bristles,  and  sometimes  by 
a  scale  {Rasores).  Taste  must  be  absent,  or  almost  absent,  in 
the  great  majority  of  birds,  the  tongue  being  nothing  more  than 
a  horny  sheath  surrounding  a  process  of  the  hyoid  bone,  and 
serving  for  deglutition  or  to  seize  the  prey.  In  the  Parrots, 
however,  the  tongue  is  thick  and  fleshy,  and  some  perception 
of  taste  may  be  present.  Touch  or  tactile  sensibility,  too,  as 
already  remarked,  is  very  poorly  developed  in  Birds.  The 
body  is  entirely,  or  almost  entirely,  covered  with  feathers ;  the 
anterior  limbs  are  converted  into  wings,  and  rendered  thereby 
useless  as  organs  of  touch;  and  the  posterior  limbs  are  covered 
with  horny  scales  or  feathers.  The  bill  certainly,  officiates  as 
an  organ  of  touch,  but  it  cannot  possess  any  acute  sensibility, 
as  in  most  birds  it  is  encased  in  a  rigid  horny  sheath.  In 
some  birds,  however,  such  as  the  common  Duck,  the  texture 
of  the  bill  is  moderately  soft,  and  it  is  richly  supplied  with 
filaments  of  the  fifth  nerve ;  so  that  in  these  cases  the  bill 
doubtless  constitutes  a  tolerably  efficient  tactile  organ.  The 
"cere,"  too,  or  the  fleshy  scale  found  at  the  base  of  the  bill  in 
some  birds,  is  in  all  probability  also  used  as  a  tactile  organ. 
The  last  anatomical  peculiarity  of  Birds  which  requires 

*  The  membrana  nictitans  is  simply  a  fold  of  the  conjunctiva  on  the 
inner  side  of  the  eye.  It  occurs  in  some  Fishes  [e.g.,  some  Sharks),  in 
some  Reptiles  and  Amphibians,  in  Birds,  in  Monotremes  and  Marsupials, 
and  in  some  of  the  higher  Mammals.  In  man,  however,  in  Monkeys, 
and  in  most  of  the  higher  Mammals,  it  is  rudimentary,  and  constitutes  the 
■so-called  "  plica  semilunaris. " 


568 


MANUAL  OF  ZOOLOGY. 


notice  is  the  peculiar  apparatus  known  as  the  "  inferior  larynx  " 
or  syrinx,"  by  which  the  song  of  the  singing  birds  is  con- 
ditioned. "  The  air-passages  of  birds  commence  by  a  simple 
superior  larynx,  from  which  a  long  trachea  extends  to  the  an- 
terior aperture  of  the  thorax,  where  it  divides  into  the  two 
bronchi,  one  for  each  lung.  At  the  place  of  its  division,  there 
exists  in  most  birds  a  complicated  mechanism  of  bones  and 
cartilages,  moved  by  appropriate  muscles,  and  constituting  the 
true  organ  of  voice ;  this  part  is  termed  the  inferior  larynx  " 
(Owen).  The  inferior  larynx  may  be  developed  from  the 
trachea  only,  before  the  division  of  this  tube  into  the  bronchi ; 
or,  it  may  be  developed  wholly  from  the  bronchi;  or, 
lastly,  it  may  be  developed  at  the  junction  of  the  trachea 
and  bronchi  and  out  of  both.  The  structure  of  the  vocal 
apparatus  is  extremely  complicated,  and  there  is  no  necessity 
for  entering  upon  it  here.  It  is  to  be  remembered,  however, 
that  those  modifications  of  the  voice  which  constitute  the  song 
of  birds,  are  produced  in  a  special  and  complex  cavity  placed 
at,  or  near,  the  point  where  the  trachea  divides  into  the  two 
bronchi,  and  nof  in  a  true  larynx  situated  at  the  summit  of  the 
windpipe.  Lastly,  the  trachea  of  birds  is  always  of  considerable 
proportionate  length,  and  it  is  often  twisted  or  dilated  at  in- 
tervals, this  structure,  doubtless,  having  something  to  do  with 
the  production  of  vocal  sounds. 

Before  passing  on  to  the  consideration  of  the  divisions  of 
Birds,  a  few  words  may  be  said  as  to  the  migration  of  birds. 
In  temperate  and  cold  climates  comparatively  few  birds  remain 
constantly  in  the  same  region  in  which  they  were  hatched. 
Those  which  do  so  remain,  are  called  "  permanent  birds  "  {aves 
manentes).  Other  birds,  such  as  the  Woodpeckers,  wander 
about  from  place  to  place,  without  having  any  fixed  direction. 
These  are  called  "  wandering  birds  "  (aves  erratica;),  and  their 
irregular  movements  are  chiefly  conditioned  by  the  scarcity  or 
abundance  of  food  in  any  particular  locality.  Other  birds, 
however,  at  certain  seasons  of  the  year  undertake  long  jour- 
neys, usually  uniting  for  this  purpose  into  large  flocks.  These 
birds — such  as  the  swallows,  for  instance — are  properly  called 

migratory  birds  "  {aves  migrator  ice).  The  movements  of 
these  birds  are  conditioned  by  the  necessity  of  having  a  cer- 
tain mean  temperature,  and  consequently  they  leave  the  cold 
regions  at  the  approach  of  winter,  and  return  again  for  the 
warmer  season. 

Distribution  of  Birds  in  Time.— As  regards  the  geolo- 
gical distribution  of  Birds,  there  are  many  reasons  why  we 
should  be  cautious  in  reasoning  upon  merely  negative  evi- 
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dence,  and  more  than  ordinarily  careful  not  to  infer  the  non- 
existence of  birds  during  any  particular  geological  epoch, 
simply  because  we  can  find  no  positive  evidence  for  their 
presence.  As  Sir  Charles  Lyell  has  well  remarked,  "  the 
powers  of  flight  possessed  by  most  birds  would  insure  them 
against  perishing  by  numerous  casualties  to  which  quadrupeds 
are  exposed  during  floods  ; "  and  "  if  they  chance  to  be 
drowned,  or  to  die  when  swimming  on  water,  it  will  scarcely 
ever  happen  that  they  will  be  submerged  so  as  to  become  pre- 
served in  sedimentary  deposits,"  since,  from  the  lightness  of 
the  bones,  the  carcass  would  remain  long  afloat,  and  would 
be  liable  to  be  devoured  by  predaceous  animals.  As,  with  a 
few  utterly  trivial  exceptions,  all  the  deposits  in  which  fossils 
are  found  have  been  laid  down  in  water,  and  more  especially 
as  they  are  for  the  most  part  marine,  these  considerations  put 
forward  by  Sir  Charles  Lyell  afford  obvious  ground  against  the 
anticipation  that  the  remains  of  Birds  should  be  either  of 
frequent  occurrence  or  of  a  perfect  character  in  any  of  the 
fossihferous  rocks.  In  accordance  with  these  considerations, 
as  a  matter  of  fact,  most  of  the  known  remains  of  birds  are 
either  fragmentary  or  belong  to  forms  which  were  organised  to 
live  a  terrestrial  life,  and  were  not  adapted  for  flight. 

The  earliest  remains  which  have  been  generally  referred  to 
birds  are  in  the  form  of  footprints  (fig.  304)  impressed  upon 


Fig.  304.— Footprint  supposed  to  belong  to  a  Bird.    Triassic  Sandstones 

of  Connecticut. 


certain  sandstones  in  the  valley  of  the  Connecticut  River  in 
the  United  States.     These  sandstones  are  almost  certainly 
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Triassic ;  and  if  the  ornithic  character  of  these  footprints  be  • 
admitted,  then  Birds  date  their  existence  from  the  commence- 
ment of  the  Mesozoic  period,  and,  for  anything  we  know  to 
the  contrary,  may  have  existed  during  the  Palaeozoic  epoch. 
Iri  the  fact  that  these  footprints  are  three-toed,  and  are  cer-  • 
tainly  the  tracks  of  bipedal  animals,  we  have  strong  evidence  • 
that  they  were  produced  by  birds.    On  the  other  hand,  it  is 
certain  that  some  of  the  Deinosaurian  Reptiles  of  the  Triassic 
period  walked  on  their  hind-legs  only,  and  it  is  highly  probable 
that  tJiey  were  the  real  authors  of  the  prints  in  question.  If 
truly  ornithic,  we  must  admit  the  existence  in  the  Triassic 
period  of  a  considerable  number  of  kinds  of  Birds,  some  of 
which  must  have  been  of  colossal  dimensions,  but  this  question 
does  not  admit  of  final  settlement  at  present. 

The  first  unmistakable  remains  of  a  bird  have  been  found 
in  the  Solenhofen  Slates  of  Bavaria,  of  the  age  of  the  Upper 
Oolites.    A  single  unique  specimen,  consisting  of  bones  and  . 
feathers,  but  unfortunately  without  the  skull,  is  all  that  has  ^ 
hitherto  been  discovered ;  and  it  has  been  named  the  Arclm- 
opteryx  macrura.    The  characters  of  this  singular  and  aberrant  t 
bird,  which  alone  constitutes  the  order  Saururce,  will  be  given 
in  treating  of  the  order. 

In  the  Cretaceous  rocks,  not  only  do  we  find  the  remains  s 
of  Birds  of  the  type  now  existing,  but  we  meet  with  the  ex- 
traordinary "Toothed  Birds"  {Odo7iiomithes),  which  seem  not 
to  have  survived  this  period,  and  which  will  be  spoken  of  in 
greater  detail  later  on.  Lastly,  almost  all  the  existing  orders 
of  Birds  are  represented  by  the  time  we  reach  the  middle  of 
the  Tertiary  period,  and  the  distribution  and  characters  of  the 
more  important  fossil  forms  will  be  treated  of  in  discussing 
the  several  orders  in  question. 


CHAPTER  LXV 
DIVISIONS  OF  BIRDS. 
I.  General  Divisions  of  Aves.    2.  Cursores. 

Owing  to  the  extreme  compactness  and  homogeneity  of  the 
entire  class  Aves,  conditioned  mainly  by  their  adaptation  to  an 
aerial  mode  of  life,  the  subject  of  their  classification  has  been 
one  of  the  greatest  difficulties  of  the  systematic  Zoologist. 
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By  Professor  Huxley  the  birds  are  divided  into  the  following 

three  orders : — 

1.  Saurur^. — In  this  order  the  caudal  vertebrae  are  nume- 
rous, and  there  is  no  ploughshare-bone.  The  tail  is  longer 
than  the  body,  and  the  metacarpal  bones  are  not  anchylosed 
together.  This  order  includes  only  the  single  extinct  bird  the 
Jh-chceopteryx  macrura,  in  which  the  long  lizard-like  tail  is  only 
the  most  striking  of  several  abnormalities. 

2.  RATiTiE.  —  This  order  comprises  the  Running  birds, 
which  cannot  fly,  such  as  the  Ostriches,  Emeus,  and  Casso- 
waries. It  is  characterised  by  the  fact  that  the  sternum  has 
no  median  ridge  or  keel  for  the  attachment  of  the  great 
pectoral  muscles.  The  sternum  is  therefore  raft-like  (from 
the  Lat.  j-ates,  a  raft),  hence  the  name  of  the  order. 

3.  Carinat^. — This  comprises  all  the  living  Flying  birds, 
and  is  characterised  by  the  fact  that  the  sternum  is  furnished 
with  a  prominent  median  ridge  or  keel  {carina) ;  hence  the 
name  of  the  order.  The  numerous  subdivisions  of  this  order 
are  mainly  founded  upon  the  structure  of  the  palate. 

As  regards  the  above  primary  divisions  of  Birds,  there  can 
be  no  doubt  as  to  their  being  very  natural  sections.  A  fourth 
division,  of  equal  rank,  must  now  be  added  for  the  extinct 
Odontoniithes,  and  all  four  divisions  may  be  best  considered 
as  sub-classes,  and  not  as  mere  orders."^  No  difficulty,  also,  is 
to  be  found  in  subdividing  the  JRatitcB,  Sauru7'ce,  and  Odon- 
toniithes ;  but  there  is  the  greatest  difficulty  in  establishing 
natural  subdivisions  amongst  the  great  sub-class  of  the  Cari- 
natcB,  since  this  includes  by  far  the  greater  number  of  known 
birds.  The  classification  of  this  group  proposed  by  Professor 
Huxley  (like  that  of  Mr  Garrod),  descending,  as  it  does,  to  a 
great  number  of  secondary  groups,  is  not  only  too  compli- 
cated to  be  available  for  the  general  student,  and  therefore  to 
be  useful  in  a  work  of  the  present  nature ;  but  it  is  intended 
primarily  for  the  anatomist,  and  not  for  the  systematic  zoolo- 
gist. The  latter  requires  a  classification  based  upon  all  the 
characters,  internal  and  external,  whereas  the  morphological 
method  of  arrangement  selects  simply  single  structures  in  the 
anatomy  of  the  bird,  and  fixes  its  place  by  means  of  these. 
Thus,  Prof.  Huxley  founds  his  classification  of  the  Cai'inatce 
upon  the  structure  of  the  bony  palate.  This  method  of  classi- 
fication, however,  though  of  the  greatest  use  to  the  compara- 
tive anatomist,  cannot  be  made  to  coincide  with  any  purely 
zoological  mode  of  arrangement.    It  has,  therefore,  seemed 

*  If  this  view  be  taken,  it  will  be  advisable  to  give  the  name  of  Sauror- 
nithcs  to  the  sub-class,  and  to  reserve  the  title  of  Saicrurcc  for  the  order. 
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preferable  for  the  purpose  of  the  present  work  to  adhere,  with 
some  modifications,  to  the  old  classification  of  Birds,  which  is 
to  be  found,  in  one  form  or  another,  in  almost  all  the  standard 
works  on  ornithology.  In  using,  however,  the  six  old  orders 
of  this  system,  with  their  familiar  and  long  current  names,  the 
student  must  remember  that  they  bear  very  unequal  values. 
Some  of  them — such  as  the  Natatores,  Gj'allatores,  Rasores^ 
and  Raptores — are  essentially  natural  groups,  and  cannot  be 
seriously  mutilated  in  any  system  of  classification.  The  order 
Tnsessores  is  also,  in  the  main,  a  natural  one,  though  it  in- 
cludes groups  which  can  only  be  artificially  connected  with  it. 
On  the  other  hand,  the  order  Scansores  is  a  conspicuously 
unnatural  one,  and  is  retained  here  simply  as  a  matter  of 
convenience. 

Sub-class  I.  Ratit^. 

Order  Cursores.  —  The  first  order  of  Birds  is  that  of 
the  Cursores,  or  Runners,  comprising  the  Ostriches,  Rheas, 
Cassowaries,  Emeus,  and  the  singular  Apteryx  of  New  Zealand. 
The  Cursores  are  characterised  by  the  rudimentary  condition  of 
the  wings,  which  are  so  short  as  to  be  useless  for  flight,  and  by 
the  conipensating  length  and  stre?igth  of  the  legs.  In  accordance 
with  this  condition  of  the  limbs,  many  of  the  bones  retain 
their  marrow,  and  the  sternum  (fig.  305,  A)  is  destitute  of  the 
prominent  ridge  or  keel,  to  which  the  great  pectoral  muscles  are 
attached  (hence  the  name  of  Ratitce,  applied  by  Huxley  to  the 
order).  In  the  Ostrich,  the  pubic  bones  of  the  pelvis  unite  to 
form  a  symphysis  pubis,  as  they  do  in  no  other  bird ;  and  in 
all,  the  pelvic  arch  possesses  unusual  strength  and  stabiHty. 
The  legs  are  extremely  robust  and  powerful,  and  the  hind-toe  is 
e?itirely  iv anting,  except  in  the  Apteryx,  in  which  it  is  rudinmi- 
tary.  The  anterior  toes  are  two  or  three  in  number,  and  are 
provided  with  strong  blunt  claws  or  nails.  The  plumage  pre- 
sents the  remarkable  peculiarity  that  the  barbs  of  the  feathers, 
instead  of  being  connected  to  one  another  by  hooked  barbulcs,  as  n 
usually  the  case,  are  remote  and  disconnected  from  one  another, 
pj-esenting  some  resemblance  to  hairs. 

The  order  Cursores  may  be  divided  into  the  two  families  of 
the  Struthionida;  and  the  Apterygidce—WiQ  former  characterised 
by  the  absence  of  the  hallux,  and  comprising  the  Ostrich, 
Rhea,  Emeu,  and  Cassowary,  with  several  extinct  forms ;  the 
latter  comprising  only  the  Apteryx  of  New  Zealand,  and  char- 
acterised by  the  possession  of  a  rudimentary  hallux. 

The  African  Ostrich  {Sfruthio  camelus)  occurs  in  the  desert 
plains  of  Africa  and  Arabia,  and  is  the  largest  of  all  hvmg 
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birds,  cattaining  a  height  from  six  to  eight  feet.  The  South 
African  Ostrich  is  often  considered  as  a  distmct  species,  under 


Fig-  305. — Morphology  of  Cursores.  A,  Sternum  of  the  Ostrich  {SU-iithio  camelus) : 
J  Scapula ;  c  Coracoid.  B,  Side  view  of  the  pelvis  of  the  Ostrich  :  i  Ilium  ;  /  Pubis  ; 
is  Ischium  ;  f  Femur.  C,  Foot  of  Apteryx  australis.  D,  Tarso-metatarsus  of  the 
Apteryx,  showing  the  hallux  placed  high  up  on  its  posterior  surface.  E,  Foot  of 
the  Rhea  americana. 

the  name  of  S.  australis.    The  head  and  neck  are  nearly 
naked,  and  the  quill-feathers  of  the  wings  and  tail  have  their 
barbs  wholly  disconnected,  constituting  the  ostrich-plumes  of 
commerce.  The  legs  are  extremely  strong,  and  are  terminated 
by  t!vo  toes  only,  these  consisting  respectively  of  four  and  five 
phalanges,  showing  that  it  is  the  hallux  and  the  innermost  toe 
which  are  wanting.    The  internal  one  of  the  two  toes  is  much 
the  larger,  and  is  clawed ;  the  outer  toe  is  small  and  clawless. 
The  pubic  bones  (fig.  305,  B)  are  united  in  a  ventral  sym- 
])hysis,  and  the  wing  is  furnished  with  a  long  humerus.  The 
Ostriches  run  with  extraordinary  speed,  and  can  outstrip  the 
fastest  horse.    They  are  polygamous,  each  male  consorting 
with  several  females,  and  they  generally  keep  together  in 
larger  or  smaller  flocks.    The  eggs  are  of  great  size,  averaging 
three  pounds  each  in  weight ;  and  the  hens  lay  their  eggs  in 
the  same  nest,  this  being  nothing  more  than  a  hole  scratched 
in  the  sand.    The  eggs  appear  to  be  hatched  mainly  by  the 
exertions  of  both  parents,  reHeving  each  other  in  the  task  of 
incubation,  but  also  partly  by  the  heat  of  the  sun.* 

*  Mr  Sclater,  however,  states  that  the  duty  of  incubation  is  entirely 
:aken  by  the  males. 
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The  American  Ostriches  or  Rheas  are  much  smaller  than 
the  African  Ostrich,  and  have  the  head  feathered,  whilst  the 
feet  {fig.  305,  E)  are  furnished  with  three  toes  each.  The  wings 
are  rudimentary,  and  the  phalanges  are  plumed  and  terminated 
by  a  spur.  They  inhabit  the  great  plains  of  South  America, 
and  are  polygamous.  Three  species  are  known,  extending 
from  Patagonia  to  Peru,  but  each  inhabiting  its  own  specific 
area. 

The  Emeu  {Dromaius  Novx-Hollandice)  is  exclusively  found 
in  the  Australian  continent,  and  nearly  equals  the  African 
Ostrich  in  size,  attaining  a  height  of  from  five  to  seven  feet. 
The  feet  are  furnished  with  three  toes  each,  and  the  head  is 
feathered.    The  throat,  however,  is  naked,  and  the  general 
plumage  resembles  long  hairs,  the  feathers  hanging  down  on 
both  sides  of  the  body  from  a  central  line  or  parting  which 
runs  down  the  middle  of  the  back.    The  Emeus  are  mono- > 
gamous,  and  the  eggs  are  dark  green  in  colour.    The  malei^ 
Emeu  is  smaller  than  the  female,  and  undertakes  all  the  duties;^ 
of  incubation.     Two  varieties,  or  species,  of  the  Emeu  arerj 
known — one  on  the  eastern  and  the  other  on  the  western  sideU 
of  Australia. 

The  last  living  group  of  the  Striithionidce.  is  that  of  the  Cas-  v 
sowaries,  best  represented  by  the  Galeated  Cassowary  ( Casu- .. 
arius  gakatus),  which  iiihabits  the  Moluccan  Islands  and  New,-! 
Guinea,  and  was  first  brought  alive  to  Europe  by  the  Dutch.! 
It  stands  about  five  feet  in  height,  and  possesses  a  singulard 
horny  crest  upon  its  head.    The  head  and  neck  are  naked,^ 
with  pendent  wattles,  the  wing  has  a  short  humerus,  and  thei^ 
feet  have  three  toes  each.    The  general  plumage  is  black,  and 
the  feathers  more  or  less  closely  resemble  hairs.    The  wings 
are  rudimentary,  each  with  five  naked  pointed  quills.  The 
male  is  much  the  smaller,  and  sits  upon  the  eggs.  Besides 
the  Galeated  Cassowary,  other  species  have  been  described 
from  the  Malayan  Archipelago  and  North  Australia,  at  least 
nine  species  being  now  known  to  exist  in  all. 

The  second  family  of  the  Cursorial  birds  is  that  of  the  Ap-^ 
terygida,  comprising  only  the  singular  "  Kiwis "  {Apteryx)  of 
New  Zealand.  The  beak  in  the  Apteryx  is  long,  slender,  and 
slightly  curved,  the  tip  being  obtuse,  and  the  nostrils  placed 
at  the  extremity  of  the  upper  mandible.  The  legs  are  com- 
paratively short,  and  there  is  a  rudimentary  hind-toe  or  hallux, 
forming  a  kind  of  spur,  furnished  with  a  claw  (fig.  305,  C  and 
D).  The  wings  are  entirely  rudimentary,  and  are  quite  con- 
cealed by  the  feathers,  each  terminating  in  a  sharp  claw.  The 
feathers  are  long  and  narrow,  and  the  tail  is  short  and  nicon- 
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spicuous.  The  species  of  Apteryx  are  wholly  confined  to  New 
Zealand,  and  are  nocturnal  in  their  habits,  living  upon  insects 
and  worms.  Four  species  have  been  described,  of  which  A. 
australis  (fig.  306)  is  the  best  known. 

As  regards  the  distribution  of  the  Cursores  in  time,  it  seems 


Fig.  306. — Apteryx  australis.  (Gould.) 


probable  that  some  of  the  footprints  of  the  Connecticut  Trias 
(if  ornithic  at  all)  have  been  produced  by  birds  belonging  to 
this  group.  Leaving  these  doubtful  instances  out  of  sight,  the 
Eocene  Tertiary  has  yielded  the  first  certain  traces  of  Cursorial 
birds  (the  Dasornis  of  the  London  clay).  The  most  interesting 
remains  of  Cursores  have,  however,  been  found  in  the  Post- 
Tertiary  deposits  of  the  southern  hemisphere,  and  more  espe- 
cially in  New  Zealand.  In  this  island  have  been  found  the 
remains  of  a  number  of  large  wingless  birds,  which  form  the 
family  of  the  Dinor7iithid(Z,  of  which  Dinornis  (fig.  307)  itself 
is  the  most  important  genus.  All  the  members  of  this  group 
{Dbioniis,  Falapteryx,  &c.)  are  large  Cursorial  birds,  the  wings 
being  useless  for  flight,  and  furnished  with  a  rudimentary  hume- 
rus. The  hallux  is  wanting  {Dinornis)  or  present  {Palapteryx). 
The  largest  species  is  the  Diiiornis  giganieus,  one  of  the  most 
gigantic  of  living  or  fossil  birds,  the  tibia  measuring  a  yard  in 
length,  and  the  total  height  being  at  least  ten  feet.  Another 


Fig.  307. — Skeleton  oi Dinoniis  elepJiantopiis,  greatly  reduced.  Post-Pliocene. 
New  Zealand.    (After  Owen.) 


ponderous  construction — "  the  framework  of  the  skeleton  being 
the  most  massive  of  any  in  the  whole  class  of  Birds,"  whilst 
"the  toe-bones  almost  rival  those  of  the  Elephant "  (Owen). 
The  feet  in  Dinomis  were  furnished  with  three  toes,  and  are  of 
interest  as  presenting  us  with  an  undoubted  Bird  big  enough 
to  produce  the  largest  of  the  foot-prints  of  the  Triassic  Sand- 
stones of  Connecticut.  New  Zealand  has  now  been  so  far 
explored,  that  it  seems  questionable  if  it  can  retain  in  its  re- 
cesses any  living  example  of  Dhiornis ;  but  it  is  certain  that 
species  of  this  genus  were  alive  during  the  human  period,  and 


VERTEBRATA:  AVES. 


577 


survived  up  to  quite  a  recent  date.  Not  only  are  the  bones 
very  numerous  in  certain  localities,  but  they  are  found  in  the 
most  recent  and  superficial  deposits,  and  they  still  contain  a 
considerable  proportion  of  animal  matter ;  whilst  in  sonie  in- 
stances bones  have  been  found  vi^ith  the  feathers  attached,  or 
with  the  horny  skin  of  the  legs  still  adhering  to  them.  Charred 
bones  have  been  found  in  connection  with  native  "  ovens ; " 
and  the  traditions  of  the  Maories  contain  circumstantial  accounts 
of  gigantic  wingless  Birds,  the  "  Moas,"  which  were  hunted  both 
for  their  flesh  and  their  plumage. 

In  Madagascar,  bones  have  been  discovered  of  a  bird  as 
large  as,  or  larger  than,  the  Dinornis  giganieus,  which  has  been 
described  under  the  name  of  the  ^pioniis  maxinms.  With 
the  bones  have  been  found  eggs  measuring  from  thirteen  to 
fourteen  inches  in  diameter,  and  computed  to  be  as  big  as 
three  ostrich-eggs,  or  one  hundred  and  forty-eight  hen's  eggs. 
Though  generally  referred  to  the  Ctirsores,  ^pioniis  has  been 
sometimes  regarded  as  a  gigantic  member  of  the  Raptores. 

Lastly,  the  Post-Tertiary  deposits  of  Austraha  have  yielded 
the  remains  of  an  extinct  Struthious  bird  allied  to  the  Emeu, 
which  has  been  described  under  the  name  of  Dronmomis. 


CHAPTER  LXVI. 

SUB -CLASS  II.  CARINATjE. 

Natatores,  Grallatores,  and  Rasores. 

Order  I.  Natatores  {Palmipedes).  —  The  order  of  the 
Natatores,  or  Swimmers,  comprises  a  number  of  Birds  which 
are  as  much  or  even  more  at  home  in  the  water  than  upon 
the  land.  In  accordance  with  their  aquatic  habit  of  life, 
the  Natatores  have  a  boat-shaped  body,  usually  with  a  long  neck. 
The  legs  are  short,  and  placed  behind  the  centre  of  gravity  of  the 
body,  this  position  enabling  them  to  act  admirably  as  paddles,  at 
the  same  time  that  it  renders  the  gait  upon  dry  land  more  or  less 
awkward  and  shuffling.  In  all  cases  the  toes  are  ''webbed"  or 
iifiited  by  membrane  to  a  greater  or  less  extent  (fig.  308,  A). 
In  many  instances  the  membrane  or  web  is  stretched  com- 
pletely from  toe  to  toe,  but  in  others  the  web  is  divided  or 
split  up  between  the  toes,  so  that  the  toes  are  fringed  with 
membranous  borders,  but  the  feet  are  only  imperfectly  webbed. 
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As  their  aquatic  mode  of  life  exposes  them  to  great  reductions 
of  temperature,  the  body  of  the  Natatorial  birds  is  closely 
covered  with  feathers  and  with  a  thick  coating  of  down  next 
the  skin.  They  are,  further,  prevented  from  becoming  wet  in 
the  water  by  the  great  development  of  the  coccygeal  oil-gland 
by  means  of  which  the  lustrous  plumage  is  kept  constantly 


Fig.  308.— Natatores.    A,  Foot  of  Cormorant  {Phalacrocorax)  ;  B,  Beak  of  the 
Bean-goose  {Anser  segeimn). 


lubricated  and  waterproof.  They  are  usually  polygamous,  each 
male  consorting  with  several  females ;  and  the  young  are 
hatched  in  a  condition  not  requiring  any  special  assistance 
from  the  parents,  being  able  to  swim  and  procure  food  for 
themselves  from  the  moment  they  are  liberated  from  the  egg. 
The  Natatores  are  divided  into  the  following  four  families : — 
Fam.  I.  BrevipennatcB. — In  this  family  of  the  Swimming 
birds  the  wings  are  always  short,  and  are  sometimes  useless  as 
organs  of  flight,  the  tail  is  very  short,  and  the  legs  are  placed 
very  far  back,  so  as  to  render  terrestrial  progression  very 
difficult  or  awkward.  The  family  includes  the  Penguins,  Auks, 
Guillemots,  Divers,  and  Grebes.  In  the  Penguins  {Sphcniscida) 
the  wings  are  completely  rudimentary,  without  quills,  and 
covered  with  a  scaly  skin.  They  are  useless  as  far  as  flight  is 
concerned,  but  they  are  employed  by  the  bird  as  fins,  enabling 
it  to  swim  under  water  with  great  facility,  and  they  are  also 
used  on  the  land  as  fore-legs.  The  feet  are  webbed,  and  the 
hinder  toe  is  rudimentary  or  wanting.  The  Penguins  live 
gregariously  in  the  seas  of  the  southern  hemisphere,  on  the 
coasts  of  South  Africa  and  South  America,  especially  at  Tierra 
del  Fuego,  and  in  the  solitary  islands  of  the  South  Pacific. 
When  on  land  the  Penguins  stand  bolt  upright,  and  as  they 
usually  stand  on  the  shore  in  long  lines,  they  are  said  to  present , 
a  most  singular  appearance.  The  best-known  species  are  the 
Jackass  Penguin  {Sphenisais  d^mersus)  of  the  Falkland  Islands,  ■ 
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and  the  King  Penguin  {Apienodytes  Patagonica)  of  the  Straits 
of  Magalhaens.    Some  Penguins  have  the  extraordinary  habit 


Fig.  309. — Jackass  Penguin  {Spheniscus  demersiis). 


of  forming  no  nest  but  of  carrying  their  egg  about  with  them 
in  a  temporary  pouch  of  the  abdominal  integument.  In  the 
Auks  {AlcidcB)  the  wings  are  better  developed  than  in  the 
Penguins,  and  they  contain  true  quill-feathers  ;  but  they  are 
still  short  as  compared  with  the  size  of  the  body,  and  are  of 
more  use  as  fins  than  for  flight.  The  Great  Auk  or  Gare-fowl 
{Alca  impeniiis)  is  remarkable  for  being  one  of  the  birds  which 
appear  to  have  become  entirely  extinct  within  the  human 
period,  having  been,  in  fact,  destroyed  by  man  himself.  It 
used  to  aboun'd  in  the  arctic  regions,  and  occasionally  visited 
our  own  shores  in  the  winter.  The  Little  Auk  {Mergulus  alba) 
occurs  still  in  abundance  in  the  seas  of  the  arctic  regions. 
Other  well-known  members  of  this  group  are  the  Razor-bill, 
the  Puffins  {Fratercula  ardka),  and  the  Guillemots  {Urig), 
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The  Guillemots  have  a  short  tail,  narrow  and  pointed  wings 
short  feet,  and  no  hallux.  Like  the  other  members  of  the 
family,  they  inhabit  northern  and  polar  regions. 

In  the  Divers  ( Colymbidoi),  comprising  the  true  Divers  and 
the  Grebes,  the  power  of  flight  is  pretty  well  developed,  but 
the  bird  still  is  much  more  active  in  the  water,  swimming  or 
diving,  than  on  land.  The  Grebes  are  not  uncommon  in 
Britain,  and  are  largely  killed  for  making  muffs,  collars,  and 
other  articles  of  winter  dress.  They  have  the  membrane 
between  the  toes  deeply  incised.  They  haunt  the  sea  as  well 
as  lakes  and  rivers,  and  swim  and  dive  admirably.  In  the 
Divers  proper  the  front  toes  are  completely  united  by  a  mem- 
brane. The  Northern  Diver  or  Loon  (^Colymbiis  glacialis)  is 
a  familiar  example,  and  is  found  on  the  coasts  of  high  northern 
latitudes. 

Fam.  2.  LongipennatcB. — This  family  of  Nataiores  is  charac- 
terised by  the  well-developed  wings,  the  pointed,  sometimes 
knife-like,  sometimes  hooked  bill,  and  by  never  having  the 
hallux  united  with  the  anterior  toes  by  a  membrane.  The 
following  are  the  more  important  groups  coming  under  this 
head : — 

a.  Laridce,  or  Gulls  and  Terns,  having  powerful  wings,  a  free 
hinder  toe,  and  the  three  anterior  toes  united  by  a  membrane. 
The  Gulls  form  an  exceedingly  large  and  widely  distributed 
group  of  birds  ;  and  the  Terns  or  Sea-swallows  are  equally 
beautiful,  if  not  quite  so  common.  The  Terns  are  distin- 
guished by  their  long  and  pointed  wings,  forked  tail,  and 
comparatively  short  legs.  They  fly  with  great  rapidity  over 
the  surface  of  the  sea,  from  which  they  pick  up  their  food. 

b.  Procellaridce,  or  Petrels,  closely  resembling  the  true  Gulls, 
but  having  a  rudimentary  hinder  toe,  and  having  the  upper 
mandible  strongly  hooked.  The  smaller  species  of  Petrel  are 
well  known  to  all  sailors  under  the  name  of  Storm-birds  and 
Mother  Carey's  Chickens.  They  are  nocturnal  or  crepuscular  ii 
in  their  habits,  breed  in  holes  in  the  rocks,  lay  but  one  egg, 
and  are  almost  all  of  small  size  and  more  or  less  sombre 
plumage.  The  largest  member  of  the  group  is  the  gigantic 
Albatross  {Diomedea  exulans),  not  uncommonly  found  far  from 
land  in  both  the  northern  and  southern  oceans.  The  Albatross 
sometimes  measures  as  much  as  fifteen  feet  from  the  tip  of 
one  wing  to  that  of  the  other,  and  the  flight  is  powerful  in 
proportion. 

Fam.  3.  Totipalmatce,  characterised  by  having  the  huider 
toe  or  hallux  more  or  less  directed  inwards,  and  united  to  the  a 
innermost  of  the  anterior  toes  by  a  membrane  (fig.  308,  Aj. 


VERTEBRATA:  AVES. 


581 


In  this  family  are  the  Pelicans,  Cormorants,  Gannets,  Frigate- 
birds,  Darters,  and  others.  They  all  fly  well,  and  have  short 
legs,  and  amongst  them  are  almost  the  only  Natatorial  Birds 
which  ever  perch  upon  trees. 

The  Pelicans  {PelicanidcB)  are  large  birds,  which  subsist  on 
fish,  and  are  found  in  Europe,  Asia,  Africa,  and  the  New 
World.  They  sometimes  measure  as  much  as  from  ten  to 
fifteen  feet  between  the  tips  of  the  wings,  and  most  of  the 
bones  are  pneumatic,  so  that  the  skeleton  is  extremely  light. 
The  lower  mandible  is  composed  of  two  flexible  branches 
which  serve  for  the  support  of  a  large  "  gular  "  pouch,  formed 
by  the  loose  unfeathered  skin  of  the  neck.  The  fish  cap- 
tured by  the  bird  are  temporarily  deposited  in  this  pouch, 
and  the  parent  birds  feed  their  young  out  of  it.  The  bill  is 
long  and  straight,  and  the  upper  mandible  is  strongly  hooked 
at  the  tip. 

In  the  Cormorants  {Phalacrocorax)  there  is  no  pouch  be- 
neath the  lower  mandible,  but  the  skin  of  the  throat  is  very 
lax  and  distensible;  the  nail  of  the  middle  toe  is  serrated. 
They  are  widely  distributed  over  the  world,  one  species  being 
very  abundant  in  many  parts  of  Europe.  The  Gannets  {Sula) 
have  a  compressed  bill,  the  margins  of  which  are  finely  crenate 
or  toothed.  They  occur  abundantly  on  many  parts  of  the 
coasts  of  northern  Europe,  one  of  the  most  noted  of  their 
stations  being  the  Bass  Rock  at  the  mouth  of  the  Firth  of 
Forth.  Another  species  [Sula  variegata)  is  of  greater  import- 
ance to  man,  as  being  one  of  the  birds  from  the  accumulated 
droppings  of  which  guano  is  derived.  The  Frigate-birds 
{Tachypetes)  are  chiefly  remarkable  for  their  extraordinary 
powers  of  flight,  conditioned  by  their  enormously  long  and 
powerful  wings  and  long  forked  tail.  They  occur  on  the  coasts 
of  tropical  America,  and  are  often  found  at  immense  distances 
from  any  land.  The  Tropic  -  birds  {Phaeto7i)  inhabit  inter- 
tropical regions,  and  are  found  far  out  at  sea.  They  have 
short  feeble  feet,  and  long  pointed  wings. 

The  Darters  or  Snake-birds  {Plotus)  are  somewhat  aberrant 
members  of  this  group,  characterised  by  their  elongated  necks 
and  long  pointed  bills.  They  occur  in  America,  Africa,  and 
Australia,  and  catch  fish  by  suddenly  darting  upon  them  from 
above. 

Fam.  4.  Lamellirostres. — The  last  family  of  the  Natatores 
is  that  of  the  Lamellirostres,  including  the  Ducks,  Geese, 
Swans,  and  Flamingoes  ;  and  characterised  by  the  form  of  the 
beak  (figs.  308  and  310),  which  is  flattened  in  form  and 
covered  with  a  soft  skin.    The  edges  of  the  bill  are  further 
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farnished  with  a  series  of  transverse  plates  or  lamella;,  which 
form  a  kind  of  fringe  or  "  strainer,"  by  means  of  which  these 


Fig.  310.— A,  Head  of  the  Grey  Lag  Goose  ;  B,  Foot  of  the  domestic  Goose. 

birds  sift  the  mud  in  which  they  habitually  seek  their  food. 
The  bill  is  richly  supplied  with  filaments  of  the  fifth  nerve,  and 
doubtless  serves  as  an  efficient  organ  of  touch.  The  feet  are 
furnished  with  four  toes,  of  which  three  are  turned  forwards, 
and  are  webbed,  whilst  the  fourth  is  turned  backwards,  and  is 
free.  The  trachea  in  the  males  is  often  enlarged  or  twisted  in 
its  lower  part,  and  co-operates  in  the  production  of  the  pecu- 
liar clanging  note  of  most  of  these  birds.  The  body  is  heavy, 
and  the  wings  only  moderately  developed. 

The  groups  of  the  Ducks  {Anatidcz),  Geese  {Anserina),  and 
Swans  {Cygnidce),  are  too  familiar  to  require  much  special  notice. 
The  Ajiafidce,  or  true  Ducks,  have  the  hallux  furnished  with  a 
very  narrow  membranous  lobe,  and  the  laminse  of  the  upper 
mandible  generally  projecting.  As  examples  may  be  taken 
the  Mallards  and  Teals  {Boschas),  the  Widgeons  {Mareca),  the 
Shoveller  {Ajias),  and  the  Pin-tail  Ducks  {Dafila).  The  Sea- 
ducks  {FuligulincB)  frequent  the  sea  chiefly,  and  have  the  hallux 
furnished  with  a  wide  membranous  lobe.  Good  examples 
are  the  Eider-duck  (Somateria),  the  Surf-duck  {Oidcmia),  the 
Canvass-back  Duck  and  Pochard  {Fuligula),  and  the  Golden- 
eye  (Clangula). 

The  Anserina  are  distinguished  from  the  Ducks  chiefly  by 


VERTEBRATA:  AVES. 


their  stronger  and  longer  legs,  and  comparatively  shorter 
wings.  Good  examples  are  the  Grey  Lag  {Aiiser  ferus),  the 
Canada  Goose  {A.  Canadensis),  the  Eean-goose  {A.  segeitim), 
and  the  Snow-goose  {A.  hyperboreus).  All  the  domesticated 
varieties  of  Geese  appear  to  be  undoubtedly  descended  from 
the  "  Grey  Lag  "  Goose,  a  common  wild  species  which  is  found 
in  marshy  districts  in  Europe  generally,  in  Northern  Africa, 
and  as  far  east  as  Persia. 

In  the  Swans  the  neck  is  extremely  long,  and  the  legs  are 
short.  In  the  Hooper  Swan  ( Cygnus  ferus)  the  sternal  keel  is 
double,  and  forms  a  cavity  for  the  reception  of  a  convoluted 
portion  of  the  trachea.  This  is  not  the  case,  however,  with 
the  Mute  Swan  (C.  olor),  the  Black  Swan  {C.  atratus),  or  the 
Trumpeter  Swan  (C  buccinator),  all  well-known  members  of 
the  group. 

The  Flamingoes,  however,  forming  the  group  of  the  Phcenicop- 
teridce,  require  some  notice,  if  only  for  the  fact  that  the  legs  are 
so  long  and  slender  that  they  have  often  been  placed  in  the 
order  Grallatores  on  this  account.  The  three  anterior  toes, 
however,  are  webbed  or  completely  united  by  membrane,  and 
the  bill  is  lamellate,  so  that  there  can  be  little  hesitation  in 
leaving  the  Flamingo  in  its  present  position  amongst  the  Nata- 
tores.  The  bill  is  singularly  bent,  both  mandibles  being  sud- 
denly curved  downwards  from  the  middle.  The  common 
Flamingo  {Phoenicopterus  ruber)  occurs  abundantly  in  various 
parts  of  southern  Europe.  It  stands  between  three  and  four 
feet  in  height,  the  general  plumage  being  rose-coloured,  the 
wing- coverts  red,  and  the  quill-feathers  of  the  wings  black. 
The  tongue  is  fleshy,  and  one  of  the  extravagances  of  the 
Romans  during  the  later  period  of  the  Empire  was  to  have 
dishes  composed  solely  of  Flamingoes'  tongues.  Other  species 
occur  in  South  America  and  Africa. 

As  regards  the  distribution  of  the  Natatores  in  iiine,  the 
earliest  traces  of  the  order  are  found  in  the  Cretaceous  rocks. 
In  deposits  of  this  age  in  the  United  States,  Professor  Marsh 
has  exhumed  the  bones  of  several  forms  {Graculavus  and 
Laornis)  \  and  other  forms  {Cimolornis)  have  been  described 
from  the  Cretaceous  of  Europe.  In  the  Eocene  Tertiary  are 
found  several  Natatorial  birds,  the  most  interesting  of  which 
are  the  Gastornis  Parisiensis  and  Agnopterus  of  the  Paris 
basin,  the  former  being  apparently  a  huge  and  wingless  goose, 
whilst  the  latter  is  allied  to  the  Flamingoes.  Under  this  order 
also  probably  comes  the  extraordinary  fossil  bird,  recently 
described  by  Professor  Owen,  from  the  London  Clay  (Eocene) 
of  Sheppey  under  the  name  of  Odontoptetyx  toliapicus.  In 
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this  singular  bird  (fig.  311)  the  alveolar  margins  of  both  jaws 
are  furnished  with  tooth-like  denticulations,  which  differ  from 
true  teeth  in  being  actually  parts  of  the  osseous  substance  of 
the  jaw  itself,  with  which  they  are  continuous.  They  are  of 
triangular  or  compressed  conical  form,  and  are  of  two  sizes 
the  larger  ones  resembling  canines.  From  the  consideration 
of  all  the  discovered  remains  of  this  bird,  Professor  Owen  con- 


Fig.  311. — oi  Odontopteiyx  toliapictis,  restored.    (After  Owen.) 


eludes  that  '■^  Odontopteryx  was  a  warm-blooded  feathered 
biped,  with  wings ;  and  further,  that  it  was  web -footed  and 
a  fish- eater,  and  that  in  the  catching  of  its  slippery  prey  it 
was  assisted  by  this  Pterosauroid  armature  of  its  jaws."  Upon 
the  whole,  Odontopteryx  would  appear  to  be  most  nearly 
allied  to  the  Anatidce,  but  the  denticulation  of  its  jaws  is  an 
entirely  unique  character. 

Leaving  the  Eocene,  the  Miocene  and  later  Tertiary  de- 
posits have  yielded  the  remains  of  numerous  Wading  Birds, 
as  has  also  the  Post-Tertiary ;  but  no  special  interest  attaches 
to  any  of  these,  unless  the  great  Cnemw?'nis  of  the  Quaternary 
of  New  Zealand  be  rightly  referred  here,  since  this  has  the 
peculiarity  of  having  been  unable  to  fly. 

Order  II.  Grallatores. — The  birds  comprising  the  order 
of  the  Grallatores,  or  Waders,  for  the  most  part  frequent  the 
banks  of  rivers  and  lakes,  the  shores  of  estuaries,  marshes, 
lagoons,  and  shallow  pools,  though  some  of  them  keep  almost 
exclusively  to  dry  land,  preferring,  however,  moist  and  damp 
situations.  In  accordance  with  their  semi-aquatic  amphibious 
habits,  the  Waders  are  distinguished  by  the  great  length  of  their 
legs;  the  increase  in  length  being  mainly  due  to  the  great  elon- 
gation of  the  tarso- metatarsus.  The  legs  are  also  unfeathercd 
from  the  lower  end  of  the  tibia  douniwards.  The  toes  aj-e  elon- 
gated a7zd  straight  (fig.  312,  A),  and  are  never  completely  palmate, 
though  sometimes  semi-palmate.  There  are  three  anterior  toes, 
and  usually  a  sho?'t  hallux,  but  the  latter  may  be  wanting.  The 
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wings  are  long,  and  the  power  of  flight  usually  considerable  ; 
but  "the  tail  is  short,  and  the  long  legs  are  stretched  out  behind 
in  flight  to  compensate  for  the  brevity  of  the  tail.  The  body 
is  generally  slender,  and  the  neck  and  beak  usually  of  con- 
siderable length  (fig.  312,  B).     They  are  sometimes  polyga- 


Fig.  312.— Grallatores.    A,  Leg  and  foot  of  the  Curlew  ;  B,  Head  of  Snipe  ; 
C,  Beak  of  the  Avocet. 


mous,  sometimes  monogamous,  and  the  young  of  the  former 
are  able  to  run  about  as  soon  as  they  are  hatched. 

The  most  typical  Waders — those,  namely,  which  are  semi- 
aquatic  in  their  habits — spend  most  of  their  time  wading  about 
in  shallow  waters  or  marshes,  feeding  upon  small  fishes,  worms, 
shell-fish,  or  insects.  Others,  such  as  the  Storks,  live  mostly 
upon  the  land,  and  are  more  or  less  exclusively  vegetable- 
feeders. 

The  Grallatores  are  divided  into  the  four  families  of  the 
Macrodactyli,  the  Cultirostres,  the  Longirostres,  and  the  Pres- 
sirostres. 

Fain.  I.  Macrodactyli. — In  this  family  the  feet  -are  furnished 
with  four  elongated,  sometimes  lobate,  toes,  and  the  wings  are 
of  moderate  or  less  than  average  size.  In  many  of  their  char- 
acters a  considerable  number  of  the  birds  of  this  family  ap- 
proach the  Rasorial  birds,  and  differ  from  the  true  Waders. 
The  beak  is  mostly  short,  rarely  longer  than  the  head,  and  is 
compressed  from  side  to  side,  or  wedge-shaped.  The  legs  are 
strong  and  not  particularly  lengthy ;  but  the  toes  are  often  of 
great  length,  and  are  furnished  with  long  claws.  The  neck  is 
not  very  long,  and  the  tail  is  very  short.  Some  of  them  are 
strictly  aquatic  in  their  habits,  and,  like  the  Coots,  approach 
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in  many  respects  to  the  Natatores ;  others,  again,  are  exclusively 
terrestrial.  The  most  familiar  members  of  this  family  are  the 
Rails  {Ralhis),  Water-hens  {Galliniila),  the  Coots  {Fulica), 
and  the  Jacana  {Farra  jacana).  The  Water-hens  and  Coots 
are  aquatic  or  semi-aquatic^  swimming  and  diving  with  great 
ease.  In  the  Coots  the  toes  are  semi-palmate,  being  bordered 
by  membranous  lobes,  like  the  toes  of  the  Grebes,  but  the 
toes  are  not  fringed  in  the  Gallinules.  Amongst  the  Coots 
should  probably  be  placed  the  Notornis  (Owen),  long  supposed 
to  be  extinct,  but  recently  proved  to  be  still  living  in  the 
Middle  Island  of  New  Zealand.  The  Notornis  is  much  larger 
than  the  ordinary  Coots,  and  is  remarkable  in  the  fact  that, 
like  many  extinct  and  some  living  New  Zealand  birds,  the 
wings  are  so  rudimentary  as  to  be  useless  for  flight.  The  true 
Rails,  comprising  the  common  Water-rail  {Ralhis  aqtiaiicus), 
and  the  Land-rail  or  Corn-crake  {Crex  pratensis)  of  Britain, 
and  the  Marsh  Hen  {Ralhis  elegans),  and  Virginian  Rail  {R. 
Virgmianus)  of  North  America,  live  almost  exclusively  on 
land,  though  the  first  of  these  usually  frequents  damp  or  marshy 
places.  In  the  Jacanas,  lastly,  the  feet  are  furnished  with 
excessively  long  and  slender  toes,  which  enable  the  bird  to 
run  about  upon  the  leaves  of  aquatic  plants ;  whilst  the  carpus 
is  armed  with  formidable  spurs.  They  are  natives  of  South 
America,  Africa,  and  India.  Closely  allied  to  the  Jacanas 
are  the  Screamers  {Falamedea)  of  South  America,  of  which  the 
Horned  Screamer  {F.  cormita)  is  the  best  known.  It  has  a 
long  frontal  hom,  and  has  spurs  implanted  on  the  edge  of  the 
wing. 

Fam.  2.  Ciilth-ostres. — In  this  family  of  the  Grallatores  are 
some  of  the  most  typical  and  familiar  forms  contained  in  the 
entire  order.  The  bill  in  this  family  is  long — usually  longer 
than  the  head — and  is  compressed  from  side  to  side ;  the  legs 
are  long  and  slender,  having  a  considerable  portion  of  the 
tibise  unfeathered  j  and  the  feet  have  four  toes,  _  which  are 
usually  connected  to  a  greater  or  less  extent  at  their  bases  by 
membrane.  In  this  family  are  the  Cranes,  Herons,  Stork,  Ibis, 
Spoonbill,  and  others  of  less  importance. 

The  Cranes  {Gruidd)  are  large  and  elegant  birds,  and  are 
chiefly  remarkable  for  their  long  migrations,  which  were  noticed 
by  many  classical  authors.  In  these  journeys  the  Cranes 
usually  fly  in  large  flocks,  led  by  a  single  leader,  so  that  the 
whole  assemblage  assumes  a  wedge-like  form;  or  they  fly  m 
long  lines.  The  common  Crane  {Grus  dnerea)  breeds  m  the 
north  of  Europe  and  Siberia,  and  migrates  southwards  at  tlie 
approach  of  winter.    The  Numidian  Crane  or  Demoiselle  in- 
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habits  Asia  and  Africa,  the  Stanley  Cranes  {Anthropotdes)  are 
natives  of  the  East  Indies,  and  the  Crowned  Cranes  {Balearica) 
are  African.  In  many  respects  the  Cranes  are  more  nearly 
allied  to  the  Rails  than  to  the  Herons.  The  Herons  {Ardeida) 
kre  familiarly  known  to  every  one  in  the  person  of  the  common 
Grey  or  Crested  Heron  {Ardea  cifterca,  fig.  313).    It  was  one 


of  the  birds  most  generally  pursued  in  the  now  almost  extinct 
sport  of  falconry.  Various  species  of  Heron  are  found  over 
the  whole  world,  both  in  temperate  and  hot  climates.  Here, 
also,  belong  the  various  species  of  Night  Heron  [A^yctkorax), 
the  Bitterns  [Bofatirus),  and  the  Boat-bills  i^Cancromd). 

The  Ibises  {TantalincE)  form  a  group  of  beautiful  birds, 
species  of  which  occur  in  all  the  warm  countries  of  the  world. 
They  are  distinguished  by  their  metallic  colours,  long,  cylin- 
drical, curved  bill,  and  more  or  less  naked  head.  One,  the 
Ibis  religiosa,  was  regarded  by  the  ancient  Egyptians  as  a  deity, 
and  was  treated  with  divine  honours,  being  often  embalmed 
along  with  their  mummies,  or  figured  on  their  monuments. 

The  Storks  {CicoiiincB)  are  large  birds,  of  which  one,  the 
common  Stork  [Cicofiia  alba),  is  rarely  found  in  Britain,  but 


Fig.  313. — Crested  Heron  [Ardea  ciiierea).  Europe. 
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occurs  commonly  on  the  Continent,  where  it  is  often  semi- 
domesticated.  The  Storks  live  in  marshes,  and  feed  on  frogs, 
fishes,  &c.  Nearly  related  to  the  true  Storks  are  the  gigantic 
Marabout  {Myderla  Marabou)  and  Adjutant  {M.  Argala)  of 
Africa  and  India,  which  possess  a  sausage-shaped  appendage 
in  front  of  the  neck. 

The  Spoonbills  {Plataleadce)  are  also  large  birds,  very  like 
the  Storks,  but  the  bill  is  flattened  out  so  as  to  form  a  broad 
spoon -like  plate.  The  common  White  Spoonbill  {Platalea 
leiicorodia)  is  found  commonly  on  the  Continent,  but  is  of  very 
rare  occurrence  in  Britain. 

Fam.  3.  Longirostres. — The  third  family  of  Waders  is  that 
of  the  Longirosires,  characterised  by  the  possession  of  long, 
slender,  soft  bills,  grooved  for  the  perforations  of  the  nostrils 
(fig.  312,  B).  The  legs  are  sometimes  rather  short,  sometimes 
of  great  length ;  the  toes  are  of  moderate  length,  and  the 
hallux  is  usually  short,  and  is  sometimes  absent.  The  bill  in 
these  birds  serves  as  an  organ  of  touch,  being  used  as  a  kind 
of  probe  to  feel  for  food  in  mud  or  marshy  soil.  To  fulfil  this 
purpose,  the  tip  of  the  bill  is  furnished  with  numerous  filaments 
of  the  fifth  nerve.  They  feed  mostly  upon  insects  and  worms, 
and  are  not  strictly  aquatic  in  their  habits,  mostly  frequenting 
marshy  districts,  moors,  fens,  the  banks  of  rivers  or  lakes,  or 
the  shores  of  the  sea.  \ 

In  this  family  of  the  Long-billed  Waders  are  the  various 
species  of  Snipe  and  Woodcock  [Scolopacida),  the  Sandpipers 
{Trtnga),  the  Curlews  {Nuinenius),  the  Turnstones  {Strepsilas), 
the  Rufis  {Machetes),  the  Redshanks  {Tota7ius),  the  Godwits 
{Limosa)^  and  others  which  need  no  special  notice. 

Fam.  4.  Pressirostres.  —  The  members  of  this  family  are 
characterised  by  the  moderate  length  of  the  bill,  which  is 
seldom  longer  than  the  head,  and  has  a  compressed  tip.  The 
legs  are  long,  but  the  toes  are  short,  and  are  almost  always 
partially  connected  together  at  their  bases  by  membrane.  The 
hallux  is  short,  and  is  often  wanting.  The  wings  are  long,  and 
they  can  both  fly  powerfully  and  run  with  great  swiftness.  In 
this  section  are  two  very  distinct  sub-families,  the  Charadriida 
or  Plovers,  and  the  OtidcB  or  Bustards.  In  the  former  of  these 
the  legs  are  long  and  slender,  the  toes  are  united  at  their  bases 
by  a  small  membrane,  and  the  hind-toe  is  very  small  and  raised 
above  the  ground,  or  is  entirely  wanting.  In  this  group  are 
the  true  Plovers  and  Lapwings  {Charadrius  and  Vanellus),  the 
Pratmcoles  {Glareola),  the  Long -shanks  {Hiviantopus),  the  : 
Oyster-catcher  {Bamatopus),  and  the  Thick-knee  ( CEdicriemus). 
In  the  OHda  or  Bustards,  the  legs  are  long,  and  the  toes  are.-: 
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short  and  furnished  with  stout  claws.  The  hinder  toe  or  hallux 
it  entirely  wanting;  and  these  birds  are  chiefly  interesting  from 
the  affinities  which  they  exhibit  to  the  Rasores  on  the  one 
hand,  and  to  the  Cursores  (Ostrich,  &c.)  on  the  other.  The 
wings,  however,  are  of  ample  size,  and  the  tail  is  comparatively 
long,  the  reverse  being  thi  case  in  the  Cursores.  The  Bus- 
tards are  entirely  confined  to  the  Old  World,  and  two  species 
were  formerly  not  uncommon  in  Britain.  They  are  found  in 
plains  and  downs,  and  rarely  fly,  but  run  with  great  swiftness, 
using  the  wings  to  accelerate  their  course.  They  are  polygam- 
ous, and  the  males  are  generally  brighter  and  more  variegated 
in  plumage  than  the  females. 

As  regards  their  disiributioti  in  titne,  the  earliest  known 
remains  of  Grallatores  have  been  found  in  the  Cretaceous 
rocks  of  North  America  {^Telmatornis  and  Palaotrmga).  The 
Eocene  Tertiary  of  both  Europe  and  North  America  has 
yielded  the  remains  of  Waders,  one  of  the  most  remarkable 
being  a  gigantic  Rail  ( Gypsornis)  from  the  Paris  basin.  The 
later  Tertiaries  also  contain  the  remains  of  various  Grallatorial 
birds  allied  to,  or  identical  with,  living  types.  In  the  Post- 
Tertiary  deposits  of  Mauritius  are  found  the  bones  of  the 
Aphanapteryx,  a  large  Ralline  bird,  allied  to  the  living  Ocy- 
dromus,  but  incapable  of  flight.  It  survived  into  the  human 
period,  and  was  exterminated  at  a  comparatively  late  date. 

Order  III.  Rasores. — The  third  order  of  Carinate  Birds 
is  that  of  the  Rasores,  or  Scratchers,  often  spoken  of  col- 
lectively as  the  "Gallinaceous"  birds,  from  the  old  name  of 
"Gallinge,"  given  to  the  order  by  Linnaeus.  The  Rasores  are 
characterised  by  the  convex,  vaulted  upper  mandible,  having  the 
nostrils  pierced  in  a  membranotis  space  at  its  base.  The  nostrils 
are  covered  by  a  cartilaginous  scale.  Taking  the  Gallinacei  as 
the  type  of  the  order,  the  legs  are  stj-ong  and  robust,  mostly 
covered  with  feathers  as  far  as  the  joint  bettueen  the  tibia  ajid 
tarso-metatarsus.  There  are  four  toes,  three  in  front  and  one  be- 
hind, the  latter  being  short,  and  placed  at  a  higher  level  than  the 
other  toes.  All  the  toes  ternmiate  in  strong  blunt  claws  suitable 
for  scratching  (fig.  314,  A).  The  food  of  the  Scratchers  or 
Gallinaceous  birds  consists  chiefly  of  hard  grains  and  seeds, 
and  in  accordance  with  this  they  have  a  capacious  crop  and 
an  extremely  strong  and  muscular  gizzard.  They  mostly 
nidificate,  or  build  their  nests,  upon  the  ground,  and  the  more 
typical  members  of  the  order  are  polygamous.  The  males  take 
no  part  in  either  nidification  or  incubation,  and  the  young  are 
generally  "  precocious,"  being  able  to  run  about  and  provide 
themselves  with  food  from  the  moment  they  quit  the  egg. 
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The  young  of  the  Pigeons  and  Doves,  however,  are  brought 
forth  in  a  comparatively  helpless  condition.   The  wings  in  the 


Fig.  314.— Rasores.    A,  Foot  of  Fowl  (Galius  Bankiva);  B,  Head  of  Guinea-fowl.  * 

majority  of  the  Rasores  are  more  or  less  weak,  and  the  flight 
is  feeble  and  accompanied  with  a  whirring  sound.    Many  of 
the  Pigeons,  however,  are  capable  of  very  powerful  and  sus'-'f 
tained  flight. 

The  order  Rasores  is  divided  into  two  sub-orders,  called  re- 
spectively the  Gallinacei  and  the  Cohmibacei^  or  sometimes, 
from  the  characters  of  the  sounds  which  they  utter,  the  Clama- 
tores  and  the  Geinitoj'es. 

Sub -order  r.  Gallinacei  or  Clamatores.  —  This  sub -order 
comprises  the  typical  members  of  the  order  Rasores^  such  as  j 
the  common  Fowls,  Turkeys,  Partridge,  Grouse,  Pea-fowl,  andi 
a  number  of  allied  forms.    Its  characters  are  therefore  those 
of  the  order  itself,  but  it  is  especially  distinguished  from  the 
Colwnbacei  by  being  less  fully  adapted  for  flight.    The  body  is  j 
much  heavier,  comparatively  speaking,  the  legs  and  feet  are! 
stronger,  and  the  wings  shorter  and  less  powerful.    On  the 
whole,  therefore,  these  birds  are  worse  fliers  than  the  Colum- 
bacei,  and  are  better  adapted  for  living  upon  the  ground.  The 
hallux  is  elevated  above  the  anterior  toes,  and  merely  touches 
the  ground  in  walking.    The  back  of  the  tarsus,  too,  is  usually 
furnished  in  the  males  Avith  a  spur  [calcar),  which  is  used  as 
an  offensive  weapon,  and  has  sometimes  been  looked  upon 
as  a  rudimentary  toe.*     Lastly,  the  Gallinacei  are  mostly 
polygamous,  and  the  males  are  usually  much  more  brilliant- 
ly coloured  than  the  females,  this  being  an  adaptive _  modifi- 
cation of  the  plumage  to  meet  this  peculiarity  in  their  mode 
of  life,  t 

*  In  some  cases  (as  in  the  Java  Peacock)  the  female  possesses  spurs  as 
well  as  the  male  ;  and  sometimes  (as  in  Polyplectron)  there  are  two  or  more 
spurs  on  each  leg  of  the  male. 

t  The  Guinea-fowl,  Red  Grouse,  Ptarmigan,  and  Partridge  are  mono- 
gamous, in  a  state  of  nature  at  any  rate. 
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The  following  are  the  most  important  families  of  the  Gal- 
linacei : — 

The  Tdraonidce,  or  Grouse  family,  comprises  the  various 
species  of  Grouse  (Tetrao),  the  Ruffed  Grouse  (Bonasa),  the 
Cock  of  the  Plains  {Centrocercus),  and  the  Ptarmigans  {Lago- 

pus).  ,  .  , 

The  FerdictdcB,  or  Partridge  family,  comprises  the  Par- 
tridges {Ferdix),  the  Francolins  {Francolinus),  the  Quails  {Co- 
turiiLx),  the  Maryland  Quail  \Ortyx),  the  Tufted  Quails 
{Lophortyx),  &c. 

The  Fhasiaiiidce,  or  Pheasant  family,  comprises  the  Turkeys 
and  Guinea-fowl  {MeleagrincB),  the  common  Pheasant  {Fhasi- 
anus  Colchicus),  the  Golden  and  Silver  Pheasants,  the  common 
Fowl  {Gallus  domesticus),  and  the  Pea-fowl  {Favonmce).  None 
of  these  birds — all  of  which  can  be  domesticated,  and  most  of 
which  are  of  great  value  to  man — are  natives  of  this  country, 
though  they  will  all  breed  readily,  and  thrive  even  in  confine- 
ment. The  domestic  Turkey  {Meleagris  gallopavd)  is  originally 
a  native  of  North  America,  where  it  still  occurs  in  a  wild  con- 
dition, having  been  brought  to  Europe  about  the  beginning  of 
the  sixteenth  century.  The  Guinea-fowl  {Numida  Meleagris)  is 
originally  an  African  bird.    The  common  Pheasant  {Fhasianics 
Colchicus),  though  now  regarded  as  an  indigenous  bird,  truly 
belongs  to  Asia,  and  it  is  asserted  that  it  was  really  brought  to 
Europe  from  Colchis  by  the  Greeks ;  hence  its  specific  name. 
The  common  Fowl  is  certainly  not  a  native  of  Europe,  and  it 
is  usually  thought  to  be  a  native  of  Asia  or  of  some  of  the 
^  Asiatic  islands ;  but  its  exact  original  habitat  is  uncertain,  as 
is  the  species  from  which  the  domestic  breeds  are  descended 
(commonly  said  to  be  the  Gallus  Bankiva  of  Java).  The 
introduction  of  the  Fowl  into  Europe  is  lost  in  the  mists  of 
antiquity,  and  it  is  wholly  unknown  whence  the  original  stock 
may  have  been  brought;  though  there  is  really  every  ground 
for  believing  that  the  typical  breed — the  Game  breed — is  truly 
descended  from  the  Jungle  Cock,  or  Gallus  Bankiva.  The 
[domestic  Fowl  has,  however,  been  found  to  be  a  member  of 
Ithe  Cave-fauna  of  France  in  the  early  Stone  period,  which 
Iwould  seem  to  disprove  its  alleged  introduction  from  the 
■East.    The  Pea-fowl  {Favo)  are  really  natives  of  Thibet  and 
iHindostan,  and  were  originally  brought  to  Greece  by  Alex- 
lander  the  Great.     They  were  formerly  much  esteemed  as 
Ifood,  but  are  now  regarded  merely  from  an  ornamental  point 
I  of  view. 

I  The  FteroclidcB,  or  Sand-grouse,  are  confined  to  the  Old 
■World,  being  principally  Asiatic  and  African,  and  in  their 
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long  and  pointed  wings  they  make  an  approximation  to  the 
Pigeons. 

The  Tnrnicidce,  or  Bush-quails,  on  the  other  hand,  make  an 
approach  to  the  Charadriidcc  amongst  the  Grallatores.  I'hey 
are  found  in  Europe,  Africa,  Asia,  and  AustraHa. 

The  Megapodidce,  or  Mound-birds,  belong  to  India  and  Aus- 
tralia, and  have  very  large  feet  and  long  claws.  They  build 
immense  mounds,  often  six  or  eight  feet  high,  and  twenty  or 
thirty  ieet  in  diameter.  They  lay  their  eggs  in  the  centre  of 
these  mounds  at  a  depth  of  two  or  three  feet,  and  leave  them 
to  be  hatched  by  the  heat  produced  by  the  fermentation  of  the 
vegetable  matter  of  the  mass. 


Yxg.  315.— Columbidse.    Kock-pigeon  {Columba  livia). 

The  Cracidcz,  or  Curassows,  are  large  heavy  birds,  allied  to 
the  preceding,  belonging  to  Central  and  South  America,  and  to 
a  great  extent  arboreal  in  their  habits.  The  best-known  species  ? 
is  the  crested  Curassow  {Crax  aledor)  of  Mexico  and  Brazil. 

Lastly,  the  TinamidcB,  or  Tinamous,  form  an  aberrant  group  • 
of  the  Galhnacei,  with  many  remarkable  features  in  their  inter-  • 
nal  organisation,  and  with  the  striking  external  character  that  I 
the  tail  is  exceedingly  short  or  totally  wanting. 
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Sub- order  2.  Columbacei. — The  second  sub -order  of  the 
Rasores  is  that  of  the  Columbacei  or  Gemitores,  comprising  the 
Doves  and  Pigeons,  and  often  raised  to  the  rank  of  a  dis- 
tinct order  under  the  name  of  Coluinbce.  The  Columbacei 
are  separated  from  the  more  typical  members  of  the  Rasores 
by  being  furnished  with  strong  wings,  so  as  to  endow  them 
with  considerable  powers  of  flight.  In  place,  therefore, 
of  being  chiefly  ground-birds,  they  are  to  a  great  extent  ar- 
boreal in  their  habits,  and  in  accordance  with  this  the  feet 
are  slender,  and  are  well  adapted  for  perching.  There  are 
four  toes,  three  in  front  and  one  behind,  and  the  former  are 
never  united  towards  their  bases  by  a  membrane,  though 
the  base  of  the  outer  toe  is  sometimes  united  to  that  of  the 
middle  toe.  The  hallux  is  articulated  on  the  same  plane  as 
the  other  toes,  and  touches  the  ground  in  walking.  Lastly, 
they  are  all  monogamous,  and  pair  for  life;  in  consequence  of 
which  fact,  and  of  their  being  readily  susceptible  of  domesti- 
cation, they  present  an  enormous  number  of  varieties,  often  so 
different  from  one  another  that  they  would  certainly  be  de- 
scribed as  distinct  species  if  found  in  a  wild  state.  It  seems 
certain,  however,  that  all  the  common  domestic  breeds  of 
Pigeons,  however  unlike  one  another,  are  really  descended 
from  the  Rock-pigeon  [Columba  livia),  which  occurs  wild  in 
many  parts  of  Europe,  and  has  retained  its  distinguishing 
peculiarities  unaltered  for  many  centuries  up  to  the  present 
day.  Finally,  the  young  of  the  Columbacei  are  born  in  a  naked 
and  helpless  state,  whilst  those  of  the  Gallinacei  are  "  preco- 
cious," and  can  take  care  of  themselves  from  the  moment  of 
their  liberation  from  the  egg. 

Of  the  various  living  birds  included  in  this  section,  the  true 
Pigeons  ( Columbidce)  are  too  well  known  to  require  any  de- 
scription ;  but  the  Ground-pigeons  ( Goimdce)  depart  to  some 
extent  from  this  type,  being  ground-loving  birds,  more  closely 
allied  to  the  ordinary  Gallinacei.  The  Trero7iidcB,  or  Tree- 
pigeons,  are  exclusively  found  in  the  Old  World,  in  its  warmer 
parts,  and  are  arboreal  in  their  habits,  living  principally  upon 
fruits.  The  Didunculidce  is  a  small  group,  comprising  only  the 
little  Didunculus  strigirostris  of  the  Navigator  Islands.  In 
this  curious  bird  the  wings  are  well  developed,  enabhng  it  to 
lead  an  arboreal  life,  and  the  upper  mandible  of  the  beak  is 
strongly  arched  and  hooked  towards  its  tip.  The  Didwiculus 
is  of  special  interest  as  being  the  nearest  living  ally  of  the  now 
extinct  Dodo,  the  representative  of  the  family  Dididce.  The 
Dodo  {Didus  ineptus)  formerly  inhabited  the  Island  of  Mauri- 
tius, in  great  numbers,  but  the  last  record  of  its  occurrence 
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dates  from  the  year  i68i.    It  was  a  large  and  heavy  bird, 
bigger  than  a  swan,  and  entirely  unlike  the  Pigeons  in  general 
appearance.     The  wings  were  rudimentary  and  completely 
useless  as  organs  of  flight.    The  legs  were  short  and  stout, 
the  feet  had  four  toes  each,  and  the  tail  was  extremely  short' 
carrying,  as  well  as  the  wings,  a  tuft  of  soft  plumes.  The 
beak  (unlike  that  of  any  of  the  Columbacci  except  the  litde  ■ 
Didunculus  strigirostris)  was  strongly  arched  towards  the  end 
and  the  upper  mandible  had  a  strongly-hooked  apex,  not  at 
all  unlike  that  of  a  bird  of  prey.    The  Dodo  owed  its  exter- 
mination to  the  fact  that  it  was  good  to  eat,  and  that  it  was 
unable  to  fly.     At  present  all  the  known  remains  of  this  j 
singular  bird  that  exist  are  two  or  three  old,  but  apparently  I 
faithful,  oil-paintings,  two  heads,  a  foot,  and  some  feathers,  to 
which  explorations  in  the  Recent  deposits  of  the  island  have 
added  a  large  number  of  bones.    Allied  to  the  Dodo,  and, 
like  it,  incapable  of  flight,  is  the  Solitaire  {Pezophaps)  of 
Rodriguez,  a  small  island  lying  about  300  miles  to  the  east 
of  Mauritius.    Its  last  recorded  appearance  was  in  the  year 
1693.    It  had  longer  legs  than  the  Dodo,  and  its  bill  was  less  - 
strongly  arched. 

As  regards  the  distribution  of  the  Rasores  in  time,  the  order  ■ 
is  not  known  to  have  made  its  appearance  sooner  than  the 
Eocene  Tertiary  (the  Palaortyx  of  the  Paris  basin).  In  the 
Miocene  period  occur  the  remains  of  both  Gallinaceous  and 
Columbaceous  birds,  one  of  the  most  noticeable  of  the  former 
being  a  Turkey  {Melcagris  antiquus)  from  the  Miocene  of 
Colorado.  The  later  Tertiary  and  Post-Tertiary  deposits  • 
have  also  yielded  the  bones  of  various  Rasorial  birds. 


CHAPTER  LXVII. 
SUB-CLASS  CAR  IN  A  T  ^—  Continued. 

SCANSORES,  InSESSORES,  AND  RaPTORES. 

Order  IV.  Scansores. — The  order  of  the  Scansorial  or  Climb-: 
ing  birds  is  easily  and  very  shortly  defined,  having  no  othei 
distinctive  and  exclusive  peculiarity  except  the  fact  that  // 
jeet  are  provided  with  four  toes,  of  which  two  are  turned  back-^ 
wards  and  two  fortvards.    Of  the  two  toes  which  are  directed^ 
backwards,  07ie  is  the  hallux  or  proper  hind-toe,  and  the  other  is  i\ 
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the  outermost  of  the  normal  three  anterior  toes.  This  arrange- 
ment of  the  toes  (fig.  316,  B)  enables  the  Scansores  to  chmb 
with  unusual  facility.  Their  powers  of  flight,  on  the  other 
hand,  are  generally  only  moderate  and  below  the  average. 
Their  food  consists  of  insects  or  fruit.  Their  nests  are  usually 
made  in  the  hollows  of  old  trees,  but  some  of  them  have  the 
remarkable  peculiarity  that  they  build  no  nests  of  their  own, 
but  deposit  their  eggs  in  the  nests  of  other  birds.  They  are 
all  monogamous. 

The  order  Scansores,  as  above  defined,  must  be  looked  upon 
as  a  purely  artificial  assemblage,  comprising  Birds  which  pos- 
sess in  common  the  peculiarity  of  a  scansorial  foot,  but  which 
otherwise  are  widely  different.  The  order  is  only  retained 
here  because  it  can  hardly  be  dispensed  with  otherwise  than 
by  raising  the  three  principal  groups  contained  in  it  to  the  rank 
of  separate  orders  (viz.,  the  Cuculidce,  Picida,  and  Psittacida). 

The  most  important  families  of  the  Scansores  are  the  Cuckoos 
{Cucididce),  the  Woodpeckers  and  Wry-necks  {Picid(s),  the  Par- 
rots [Psittacidce),  the  Toucans  {Rhamphastidce),  the  Trogons 
{Trogonidce),  the  Barbets  {Bucconidce),  and  the  Plantain-eaters 
{Jlfusophagidcz). 

The  Cicculidce,  or  Cuckoos,  are  chiefly  remarkable  for  the 
extraordinary  fact  that  many  of  them,  instead  of  nidificating 


Fig.  316.— A,  Skull  of  a  Parrot  {Psittacus  eryihacus).    B,  Foot  of  the  same  :  a  Hallux  ; 
b  Index  ;  c.  Middle  toe ;  d  Outer  or  ring  toe.    (After  Blanchard). 

and  incubating  for  themselves,  lay  their  eggs  in  the  nests  of 
other  birds.  The  only  bird  not  belonging  to  this  family  which 
has  the  same  "parasitic"  habit,  is  the  Cow  Bunting  {Molothrus 
pecoris)  of  the  United  States.  As  a  rule,  only  one  egg  is  de- 
posited in  each  nest,  and  the  young  Cuckoo  which  is  hatched 
from  it,  is  brought  up  by  the  foster-parent,  generally  at  the 
expense  of  the  legitimate  offspring.  The  large  Channel-bill 
{Scythrops  Novcz-Hollandics)  is  said  to  possess  the  same  curious 
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habit,  but  many  species  of  this  group  build  nests  for  themselves 
in  the  ordinary  manner.  Beside  the  typical  Cuckoos  {Cuculus) 
this  group  contains  the  American  Cuckoos  {Coccygus),  the  Anis 
{Crotophaga),  the  Honey-Guides  {Indicator),  and  other  less  im- 
portant forms. 

The  second  family  of  the  Scansores  is  that  of  the  PicidcB,  and 
comprises  the  Woodpeckers  and  Wry-necks.  These  birds  feed 
chiefly  upon  insects,  and  the  tongue  is  very  extensible,  barbed 
at  the  point,  and  covered  with  a  viscid  secretion,  so  as  to  enable 
them  to  catch  their  prey  by  suddenly  darting  it  out.  The  bill 
is  strong  and  wedge-shaped,  and  the  claws  crooked.  The  tail- 
feathers  terminate  in  points,  and  are  unusually  hard  and  stiff, 
assisting  the  bird  in  running  up  the  trunks  of  trees.  The  Wood- 
peckers are  widely  distributed  throughout  both  hemispheres, 
and  the  Wry-necks  ( Yiinx)  are  European. 

The  next  family  is  that  of  the  Parrots  {Fsittacida),  the  largest 
group  of  the  Scansores,  comprising  over  three  hundred  species. 
The  bill  in  the  Parrots  is  large  and  strong,  and  the  upper  man- 
dible is  considerably  longer  than  the  lower  and  is  hooked  at 
its  extremity  (fig.  317).  The  bill  is  used  as  a  kind  of  third  foot 
in  climbing,  thus  allowing  the  feet  to  be  used  in  prehension. 
At  the  base  of  the  upper  mandible  is  a  "  cere,"  in  which  the 
nostrils  are  pierced.  The  tongue  is  soft  and  fleshy.  The  feet 
are  especially  adapted  for  climbing,  some,  however,  of  the  Par- 
rots moving  about  actively  on  the  ground.  The  colours  of  the 
plumage  are  generally  extremely  bright  and  gaudy;  and  they 
live  for  the  most  part  upon  fruits.  The  Psittacidce.  are  distri- 
buted throughout  the  tropics,  and  in  the  southern  hemisphere  ; 
as  far  south  as  the  5 2d  parallel.  They  are  monogamous,  and 
make  their  nests  in  holes  in  trees,  and  in  the  rocks.  Their 
natural  voice  is  harsh  and  grating.  The  true  Parrots  {Psitfacus) 
are  mostly  inhabitants  of  tropical  America,  and  their  prevailing 
colour  is  green.  Other  well-known  forms  are  African.  The 
Cockatoos  {Plyctolophus),  the  Love-birds  {Agapornis),  and  thi  ^ 
Lorikeets  (Trichoglossiis)  belong  to  the  Melanesian  and  Austra-'t- 
lian  province.  The  Lories  {Lorins)  inhabit  the  Melanesian n 
province.  The  true  Macaws  {Araince)  are  exclusively  Ameri-i- 
can  ;  and  the  true  Parrakeets  {Pezoporince)  are  exclusively  con-«- 
fined  to  the  eastern  hemisphere,  being  especially  characteristic < 
of  Australia. 

Among  the  more  remarkable  of  the  PsittacidcB  may  be  mett 
tioned  the  singular  "  Kakapo  "  {Strigops  /labropii/us)  of  Newi 
Zealand,  which  makes  an  approach  to  the  Owls.    This  curious: 
Parrot  differs  from  the  ordinary  members  of  the  order  in  not^ 
being  gregarious  in  its  habits,  in  only  being  active  by  night,  in  ■ 
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forming  burrows  in  the  ground,  in  which  it  spends  the  day,  and 
in  being  Hmited  in  its  powers  of  flight.    One  species  of  Parrot 


Fig.  317. — Psittacidae.    Purple-capped  Lory  {Lorms  domicella). 


{Lophopsittacus  Maitritianus)  has  become  extinct  during  the 
human  period,  and  the  PhiHp  Island  Parrot  [Nestor produdus), 
of  the  New  Zealand  province,  has  not  been  known  to  occur  since 
the  year  1851. 

In  the  next  family  of  the  Scansores  are  the  Toucans  {Rhavi- 
hasiidcB),  characterised  by  having  a  bill  which  is  always  very 
large,  longer  than  the  head,  and  sometimes  of  comparatively 
gigantic  size.  The  mandibles  are,  however,  to  a  very  great 
extent  hollowed  out  into  air-cells,  so  that  the  weight  of  the  bill 
is  much  less  than  would  be  anticipated  from  its  size.  The 
tongue  is  very  long,  notched  at  its  side,  or  feathered  with  deli- 
cate lateral  processes.  The  Toucans  live  chiefly  upon  fruits, 
and  are  all  confined  to  the  hotter  regions  of  South  America, 
frequenting  the  forests  in  considerable  flocks. 

The  Trogons  have  short  and  weak  feet,  a  short  triangular 
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bill,  the  gape  bordered  with  strong  bristles,  and  short  wings. 
The  plumage  is  soft  and  loose,  and  generally  of  the  most  gor- 
geous description.    They  inhabit  the  most  retired  recesses  of 
the  forests  of  the  intertropical  regions  of  both  hemisplieres 
and  show  many  decided  points  of  affinity  to  the  Goatsuckers. 

The  Barbets  {Buccomda)  are  South  American,  but  also  occur 
in  Africa  and  in  the  Indian  province.  Lastly,  the  Plantain- 
eaters  or  Touracos  (MusophagidcB)  are  exclusively  confined  to 
Africa. 

The  range  of  the  Scansores  in  time  does  not  appear  to  be 
extensive,  the  earliest  known  representative  of  the  order  being 
from  the  lower  Tertiary.  The  Eocene  beds  of  Wyoming  have 
yielded  remains  of  a  Woodpecker  {Uintornis),  and  Parrots, 
Trogons,  Cuckoos,  and  Woodpeckers  are  known  to  have  lived 
during  the  later  Tertiary  and  Post-Tertiary  periods. 

Order  V.  Insessores. — The  sixth  order  of  Birds  is  that  of 
the  Jnsessores,  or  Perchers — often  spoken  of  as  the  Fasseres,  or 
"  Passerine"  Birds.    They  are  defined  by  Owen  as  follows  : — 
Legs  slender,  short,  with  three  toes  before  and  one  behind,  the 
two  external  toes  tmited  by  a  very  short  membrane  "  (fig.  3 1 8,  A,  }3). 

"  The  Perchers  form  the  largest  and  by  far  the  most  numer- 
ous order  of  birds,  but  are  the  least  easily  recognisable  by  dis- 
tinctive characters  common  to  the  whole  group.  Their  feet, 
being  more  especially  adapted  to  the  delicate  labours  of  nidi- 
fication,  have  neither  the  webbed  structure  of  those  of  the 
Swimmers,  nor  the  robust  strength  and  destructive  talons 
which  characterise  the  feet  of  the  £i7'ds  of  Rapine,  nor  yet  the 
extended  toes  which  enable  the  Wader  to  walk  safely  over 
marshy  soils  and  tread  lightly  on  the  floating  leaves  of  aquatic 
plants;  but  the  toes  are  slender,  flexible,  and  moderately 
elongated,  with  long,  pointed,  and  slightly-curved  claws. 

"  The  Perchers  in  general  have  the  females  smaller  and  less  • 
brilliantly  coloured  than  the  males ;  they  always  live  in  pairs,  . 
build  in  trees,  and  display  the  greatest  art  in  the  construction  . 
of  their  nests.  The  young  are  excluded  in  a  blind  and  naked  i 
state,  and  wholly  dependent  for  subsistence  during  a  certain  i 
period  on  parental  care.  The  brain  arrives  in  this  order  at  its  > 
greatest  proportionate  size ;  the  organ  of  voice  here  attains  its  ^ 
greatest  complexity,  and  all  the  characteristics  of  the  bhd,  as  - 
power  of  flight,  melody  of  voice,  and  beauty  of  plumage,  are  ; 
enjoyed  in  the  highest  perfection  by  one  or  other  of  the  groups  f 
of  this  extensive  and  varied  order." 

The  structure  of  the  feet,  then,  gives  the  definition  of  the  . 
order,  but  the  minor  subdivisions  are  founded  on  the  nature  of 
the  beak ;  this  organ  varying  in  form  according  to  the  nature  . 
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of  the  food,  "  which  may  be  small  or  young  birds,  carrion,  m- 
sects,  fruit,  seeds,  vegetable  juices,  or  of  a  mixed  kind  "  (Owen). 

In  accordance  with  the  form  of  the  beak,  the  Insessores  have 
been  divided  into  four  great  sections  or  sub-orders,  known  as 
the  Conirostres,  De?itirostres,  Teimirostres,  and  Fissirostres. 

Sub-order  i.  Co7iirostres. — In  this  section  of  the  Insessores 
the  beak  is  strong  and  on  the  whole  conical,  broad  at  the  base 
and  tapering  with  considerable  rapidity  to  the  apex  (fig.  318, 


Fig.  318.— Insessores.  A,  Foot  of  Yellow  Wagtail ;  B,  Foot  of  Water-ouzel ;  C,. 
Conirostral  beak  (Hawfinch) ;  D,  Dentirostral  beak  (Shrike) ;  E,  Tenuirostral  beak 
(Humming-bird);  F,  Fissirostral  beak  (Swift). 

C).  The  upper  mandible  is  not  markedly  toothed  at  its  lower 
margin.  Good  examples  of  the  conirostral  type  of  beak  are 
to  be  found  in  the  common  Sparrow,  Hawfinch,  or  Bullfinch. 
The  greater  number  of  the  Conirostres  are  omnivorous ;  the 
remainder  are  granivorous,  or  feed  on  seeds  and  grains.  The 
sub-order  includes  the  families  of  the  Horn-bills  {Biicei'otidce), 
the  Starlings  {SturntdtB),  the  Crows  {Corvidce),  the  Cross-bills 
{Loxiadd),  and  the  Finches  and  Larks  {FringillidcB). 

In  the  Horn-bills  the  conirostral  shape  of  the  beak  is  masked, 
partly  by  its  being  of  very  great  size,  and  partly  by  the  fact  that 
above  the  upper  mandible  is  placed  a  hollow  appendage  like  a 
kind  of  helmet.    Both  the  beak  and  the  appendage  above  it 
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are  rendered  light  by  the  presence  of  numerous  air-cells.  The 
Horn-bills  are  exclusively  confined  to  the  warm  countries  of 
the  eastern  hemisphere,  and  are  the  largest  of  all  the  Insesso- 
rial  birds,  sometimes  attaining  the  size  of  a  goose ;  and  they 
must  be  regarded  as  only  provisionally  placed  in  this  order. 
They  live  on  fruits,  and  make  their  nests  in  the  holes  of  trees. 
The  best-known  species  is  the  Rhinoceros  Bird  {Buceros  7-hino- 
ceros)  of  India  and  the  Indian  Archipelago. 

The  family  of  the  Corvidce,  or  Crows,  is  an  extremely  exten-  » j| 
sive  one,  and  includes  a  large  number  of  very  dissimilar-look- 
ing birds,  all  characterised  by  their  long,  strong,  and  com- 
pressed beaks,  the  tip  of  the  upper  mandible  being  slightly 
hooked  and  more  or  less  notched.  In  this  family  are  the 
Jays  {GarrulmcE) ;  the  true  Crows  or  Corvina.  (comprising  the 
Rooks,  Carrion-crows,  Ravens,  Jackdaws,  Magpie,  Chough, 
&c.),  and  the  Birds  of  Paradise  {ParadiseidcE).  These  last 
differ  considerably  from  the  ordinary  Corvidce,  but  can  hardly  I 
be  separated  as  a  distinct  family.  They  are  amongst  the  most 
beautiful  of  all  birds,  and  are  entirely  confined  to  New  Guinea 
and  the  neighbouring  islands.  They  feed  upon  insects  and 
fruit,  and  are  largely  destroyed  for  the  sake  of  their  feathers. 
The  natives  who  capture  them  usually  cut  off  their  legs  ;  hence 
the  notion  formerly  prevailed  that  the  Birds  of  Paradise  were 
destitute  of  these  limbs.  It  is  only  the  males  which  possess 
the  brilliant  plumage,  the  females  being  soberly  dressed ;  and 
in  accordance  witli  this  fact,  it  is  stated  that  the  Birds  of  Par- 
adise are  polygamous,  being  in  this  respect  an  exception  to 
almost  the  entire  order  of  the  Jjisessores.'^  "  They  are  char- 
acterised by  extraordinary  developments  of  plumage,  which  are 
unequalled  in  any  other  family  of  birds.  In  several  species 
large  tufts  of  delicate,  bright-coloured  feathers  spring  from 
each  side  of  the  body,  forming  trains,  fans,  or  shields;  and  • 
the  middle  feathers  of  the  tail  are  often  elongated  into  wires,  f 
twisted  into  fantastic  shapes,  or  adorned  with  the  most  brilliant 
metallic  tints.  In  another  set  of  species,  the  accessor}'  plumes 
spring  from  the  head,  the  back,  or  the  shoulders ;  whilst  the 
intensity  of  colour  and  of  metallic  lustre  displayed  by  their 
plumage,  is  not  to  be  equalled  by  any  other  birds,  except, 
perhaps,  the  Humming-birds,  and  is  not  surpassed  by  these." 
(Wallace.) 

The  family  of  the  Starlings  {Shirnidci)  is  not  separated  from 
that  of  the  Crows  by  any  important  characters.  Besides  our 
common  Starlings,  it  includes  a  number  of  other  more  or  less 

*  The  Humming-birds  are  thought  to  be  polygamous,  and  this  is  cer- 
tainly the  case  with  the  Whydah  Finch  ( Vidua). 


VERTEBRATA:  AVES. 


60 1 


singular  birds,  of  which  the  Bovver-birds  of  Australia  are  per- 
haps the  most  peculiar.  These  curious  birds  have  the  habit 
of  building  very  elaborate  bowers,  often  very  beautifully  con- 
structed and  of  considerable  size,  in  which  they  amuse  them- 
selves and  apparently  make  love  to  one  another.  These  bowers 
are  wholly  independent  of  their  nests,  which  they  construct 
elsewhere. 

The  last  family  of  the  Conirostres  is  that  of  the  FringillidcB, 
comprising  the  Finches,  Linnets,  and  Larks.  In  these  birds 
the  bill  is  stout  and  conical,  with  a  sharp  apex,  but  not  having 
the  upper  mandible  toothed.  The  toes  are  adapted  for  perch- 
ing, and  are  provided  with  long  and  curved  claws,  that  of 
the  hinder  toe  being  usually  longer  than  the  rest.  They  are 
almost  all  monogamous,  and  they  build  more  or  less  elaborate 
nests.  In  this  family  are 
the  true  Finches  {Fringilla\ 
the  Sparrows,  {Pyrgita),  the 
Linnets  and  Goldfinches 
{Cardzielis),  the  Whydah 
Finches  ( Vidua),  the  Gros- 
beaks {Coccothraustes),  the 
Bullfinches  {PyrrJmld),  and 
many  others,  but  their  num- 
bers are  so  great  that  any 
further  notice  of  them  is 
impossible  here.  It  may 
be  mentioned,  however,  that 
the  Finches  of  the  Old  World  are  represented  in  the  tropical 
parts  of  America  by  the  Tanagers  {Ta?iagridce),  remarkable 
for  their  brilliant  colours. 

The  only  remaining  members  of  the  Cojmvsfres  which 
require  notice  are  the  Cross-bills  {Loxiadce),  which  are  somie- 
times  placed  with  the  Finches,  and  sometimes  considered 
as  a  separate  family.  In  these  birds  the  structure  of  the  beak 
is  so  peculiar  that  its  conirostral  character  is  completely 
masked,  and  it  has  been  looked  upon  as  a  deformity.  Both 
mandibles,  namely,  cross  one  another  towards  the  tip,  giving 
the  entire  bill  a  most  remarkable  appearance.  In  point  of 
fact,  however,  instead  of  being  a  deformity,  the  bill  of  the 
Cross-bills  is  a  beautiful  natural  adaptation,  enabling  the  bird 
with  the  greatest  facility  to  tear  in  pieces  the  hard  fir-cones,  on 
the  seeds  of  which  it  feeds. 

Sub-order  2.  Dentirostres. — The  birds  in  this  section  are 
characterised  by  the  fact  that  the  upper  mandible  is  provided 
with  a  distinct  notch  in  its  lower  margin  near  the  tip  (fig.  318, 
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D).  They  all  feed  chiefly  upon  insects.  This  sub-order  in- 
cludes the  Shrikes  {Laniidce),  the  Fly-catchers  {Muscicapidce), 
the  Thrushes  {Merulldce),  the  Tits  {Paridai),  and  the  Warblers 
i^SylviadcB). 

The  Muscicqpida,  including  the  numerous  species  of  Fly- 
catchers, are  the  most  insectivorous  of  the  Dentirostres.  The 
gape  is  wide  and  bordered  with  bristles,  and  the  legs  are  short 
and  weak.  They  are  mostly  sedentary,  catching  their  prey 
from  a  fixed  point. 

The  Shrikes  are  highly  predaceous  birds,  which  in  many 
respects  make  a  close  approach  to  the  true  Birds  of  Prey. 
They  feed,  however,  mostly  upon  worms  and  insects,  and  only 
occasionally  destroy  small  birds  or  mice. 

The  great  family  of  the  Thrushes  {AiendidcB)  comprises  not 
only  the  true  Thrushes,  Fieldfares,  and  Blackbirds,  but  a 
number  of  exotic  forms,  of  which  the  most  familiar  are  the 
Orioles,  so  well  known  for  their  brilliant  plumage  and  their 
beautifully-constructed  nests. 

In  the  SylviadcB,  amongst  other  forms,  are  the  Wagtails 
iyMotacillidce)  and  the  Pipits  {Anthus\  the  Titmice,  Robins, 
Hedge-sparrow,  Stonechat,  Redstarts,  and  other  well-known 
British  birds.  The  Titmice  {Paridce)  are  often  placed  in  the 
sub-order  of  the  Coiiirostres.  The  Nightingale  also  belongs  to 
this  family. 

Sub-order  3.  Tejiiiiro sires. — The  members  of  this  sub-order 
are  characterised  by  the  possession  of  a  long  and  slender  beak, 
gradually  tapering  to  a  point  (fig.  318,  E).  The  toes  are  very 
long  and  slender,  the  hind-toe  or  hallux  especially  so.  ]\Iost 
of  the  Tenuirostral  birds  live  upon  insects,  and  some  of  these 
present  a  near  resemblance  in  many  of  their  characters  to  the 
Dentirostres,  but  it  is  asserted  that  some  live  partially  or  wholly 
on  the  juices  of  flowers. 

The  chief  families  of  the  Tenuirostres  are  the  Creepers 
{Certhidce),  tlie  Honey-eaters  {Meliphagidce),  the  Humming- 
birds {Trochilidce),  the  Sun-birds  {Promeropidce\  and  the 
Hoopoes  ( 6^////V/^),  of  which  only  the  Creepers  and  Hum- 
ming-birds need  any  further  notice. 

The  family  Certhidce  includes  several  familiar  British  birds, 
such  as  the  little  brown  Creeper  {Certhia  familiaris),  the 
Nuthatch  {Sitta  Europcea),  and  the  Wrens  {Troglodytes).  With 
these  are  a  number  of  exotic  forms,  of  which  the  singular 
Lyre-birds  of  Australia  are  the  most  remarkable. 

The  family  of  the  Trochilidce,  or  Humming-birds,  includes 
the  most  fragile  and  brightly  coloured  of  aU  the  birds,  some 
not  weighing  more  than  twenty  grains  when  alive,  and  many 
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exhibiting  the  most  brilliant  play  of  metallic  colours.  The 
Humming-birds  are  pre-eminently  South  American,  but  extend 
northwards  as  far  even  as  the  southern  portions  of  Canada. 
The  bill  (fig.  318,  E)  is  always  very  long  and  slender,  as  are 
the  toes  also.  The  tongue  is  bifid  and  tubular,  and  appears  to 
be  used  either  to  catch  insects  within  the  corollas  of  flowers, 
or  to  suck  up  the  juices  of  the  flowers  themselves.  The  plum- 
age of  the  males  is  always  brilliant,  with  metallic  reflections, 
that  of  the  female  generally  sombre.  The  legs  are  short  and 
weak,  but  the  wings  are  proportionately  very  long,  and  the 
flight  is  exceedingly  rapid. 

The  Sun-birds  represent  in  the  Old  World  the  Humming- 
birds of  the  western  hemisphere,  and  the  Australian  Honey- 
eaters  show  also  many  points  of  resemblance  to  the  Tro- 
chilidce. 

Sub-order  4.  Fissirostns. — In  this  sub-order  of  the  Insessores 
the  beak  is  short  but  remarkably  wide  in  its  gape  (fig.  318,  F), 
and  the  opening  of  the  bill  is  fenced  in  by  a  number  of  bristles 
{vibrissa;).  This  arrangement  is  in  accordance  with  the  habits 
of  the  Fissirostres,  the  typical  members  of  which  live  upon 
insects  and  take  their  prey  upon  the  wing.  The  most  typical 
Fissirostral  birds,  in  fact,  such  as  the  Swallows  and  Goat- 
suckers, fly  about  with  their  mouths  widely  opened ;  and  the 
insects  which  they  catch  in  this  way  are  prevented  from  escap- 
ing, partly  by  the  bristles  which  border  the  gape,  and  partly  by 
a  viscid  saliva  which  covers  the  tongue  and  inside  of  the 
mouth. 

The  group  of  the  Fissirostres,  with  various  additions  (notably 
with  that  of  the  Humming-birds),  is  often  raised  to  the  rank  of 
a  distinct  order  (the  Volitores  of  Professor  Owen). 

The  typical  Fissirostres,  characterised  by  the  structure  of 
the  beak,  comprise  three  families — the  Swallows  and  Martins 
{HirimdiiiidcB),  the  Swifts  {Cypselidce),  and  the  Goatsuckers 
{Caprinmlgidce).  These  three  families  differ  in  many  important 
respects  from  one  another,  but  it  would  be  inconvenient  to 
separate  them  here.  The  Swifts,  especially,  are  remarkable 
for  the  peculiarity  that  whilst  the  hallux  is  present,  it  is  turned 
fonyards  along  with  the  three  anterior  toes.  The  Goatsuckers, 
again,  hunt  their  prey  by  night,  and  they  are  provided  with 
the  large  eyes  and  thick  soft  plumage  of  all  nocturnal  birds. 
Besides  the  above,  there  remain  the  two  families  of  the  King- 
fishers and  Bee-eaters,  which  are  generally  placed  amongst  the 
Fissirostres,  though  in  very  many  respects  the  arrangement 
appears  to  be  an  unnatural  one.  These  families  are  charac- 
terised by  their  stronger  and  longer  bills,  and  by  having  the 
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external  toe  nearly  as  long  as  the  middle  one,  to  which  it  is 
united  nearly  as  far  as  the  penultimate  joint.  In  consequence 
of  this  peculiar  conformation  of  the  toes,  these  famihes  were 
united  by  Cuvier  into  a  single  group  under  the  name  of 
Syiidactyli. 

The  CaprimuIgidcB  are  intermediate  between  the  Owls  and 
the  Passerine  Birds.  Their  plumage  is  lax  and  soft,  and  they 
have  a  hawking  flight.  The  eyes  and  ears  are  large,  the  feet 
short  and  weak,  and  the  gape  of  enormous  size  and  bordered 
by  vibrissae.  Amongst  the  more  remarkable  members  of  the 
family  may  be  mentioned  the  Whip-poor-will  {Antrostoimis 
vociferus)  of  North  America,  the  More-pork  {Podargiis  Ciivieri) 
of  Australia,  and  the  extraordinar}-  Guacharo  Bird  {Steatoniis 
Caripensis)  of  the  valley  of  Caripe  in  the  West  Indies. 

The  Hirundinidce  have  a  wide  gape,  with  few  or  no  vibrissae, 
the  wings  being  very  long  and  the  feet  short  and  weak.  All 
the  Swallows  feed  upon  insects,  which  they  catch  upon  the 
wing,  and  they  have  a  cosmopolitan  range. 

The  Swifts  {Cypselidce),  though  closely  resembling  the  Swal- 
lows in  external  appearance  and  mode  of  life,  have  little  real 
affinity  to  them.  The  gape  is  extremely  wide ;  the  wings  are 
very  long  and  pointed  ;  the  feet  are  short  and  weak ;  and  the 
hallux  is  either  permanently  turned  sideways  or  forwards,  or 
can  be  made  to  assume  this  position  at  the  will  of  the  bird. 
The  Swifts  are  very  widely  distributed  in  temperate  and  warm 
regions.  The  "  edible  bird's-nests  "  of  the  Chinese  are  made, 
of  the  inspissated  saliva  of  a  Swift  ( Collocalid). 

The  Bee-eaters  {Meropidce)  live  upon  insects,  chiefly  upon 
various  species  of  bees  and  wasps ;  but  the  Kingfishers  live 
upon  small  fish,  which  they  capture  by  dashing  into  the  water. 
The  common  Kingfisher  {Alcedo  ispida)  is  a  somewhat  rare 
native  of  Britain,  and  is  perhaps  the  most  beautiful  of  British 
birds.  Some  exotic  Kingfishers  are  of  large  size,  and  one  of  > 
the  most  remarkable  of  them  is  the  Laughing  Jackass  {Dacelo 
gigas)  of  Australia,  so  called  from  its  extraordinary  song,  re- 
sembling a  prolonged  hysterical  laugh.  A  very  beautiful  species 
is  the  belted  Kingfisher  {Ceryle  alcyon)  of  North  America. 

The  Bee-eaters  are  found  chiefly  in  the  warmer  regions  of 
the  Old  World,  and  their  place  is  taken  in  America  by  the 
Motmots  (Momotus). 

As  regards  their  distribution  in  time,  \\\&  Insessores  are  not 
known  in  rocks  older  than  the  Tertiary.  The  Eocene  Slates 
of  Claris  have  vielded  the  Passerine  Protornis  Glarisicnsis ; 
and  in  the  Eocene  deposits  of  the  Paris  basin  occur  remains 
of  the  Passerine  genera  Laurillardia  and  Palczogiihalus.  The 
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Kingfishers  seem  to  be  also  represented  at  the  same  period  by 
the  Halcyornis  toliapicus  of  the  London  Clay.  The  Insessorial 
remains  of  the  later  Tertiary  and  Post-Tertiary  deposits  pre- 
sent no  features  of  special  interest. 

Order  VI.  Raptores  {A'etomorpJm). — All  the  members  of 
this  order  are  characterised  by  the  shape  of  the  bill,  which  is 
^'strong,  curved,  sharp -edged,  and  shar-p -pointed,  often  armed 
with  a  lateral  tooth"  (Owen).  The  tipper  mandible  is  the 
longest  (fig.  320,  B),  a?rd  is  strongly  hooked  at  the  tip.  The 
body  is  very  muscular ;  the  legs  are  robust,  short,  with  three  toes 
in  front  and  one  behind,  all  armed  with  long,  curved,  crooked 
claws  or  talons  (fig.  320,  A)  j  the  wings  are  commonly  pointed. 


and  of  considerable  size,  and  the  flight  is  usually  rapid  and 
powerful.  The  Birds  of  Rapine  are  monogamous,  and  the 
female  is  larger  than  the  male.  They  build  their  nests  generally 
in  lofty  and  inaccessible  situations,  and  rarely  lay  more  than 
four  eggs,  from  which  the  young  are  liberated  in  a  naked  and 
helpless  condition. 

The  order  Raptores  is  divided  into  two  great  sections — the 
Nocturnal  Birds  of  Prey,  which  hunt  by  night  and  have  the 
eyes  directed  forwards ;  and  the  Diurnal  Raptores,  which 
catch  their  prey  by  day,  and  have  the  eyes  directed  laterally. 

The  section  of  the  Nocturnal  Raptores  includes  the  single 
family  of  the  Strigidce,  or  Owls.  In  these  birds  the  eyes  are 
large  and  are  directed  forwards.  The  plumage  is  exceedingly 
loose  and  soft,  so  that  their  flight  (even  when  they  are  of  large 
size)  is  almost  noiseless;  and  it  is  generally  spotted  or  barred 
with  different  shades  of  grey,  brown,  or  yellow.  The  beak  is 
short,  strongly  hooked,  furnished  with  bristles  at  its  base,  and 
having  the  nostrils  pierced  in  a  membranous  "  cere  "  at  the  base 
of  the  upper  mandible.  The  cranial  bones  are  highly  pneumatic, 
and  the  head  is  therefore  of  large  size.  The  feathers  of  the  face 
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usually  form  an  incomplete  or  complete  ''disc"  or  circle  round 
each  eye  (fig.  321,  B),  and  a  circle  of  plumes  is  likewise  placed 


Fig.  321. — A,  Foot  of  Tawny  Owl  (JJhda  stridiila]  ;  B,  Head  of  White  Owl 

{Strix  Jlaiiiviea). 

round  each  external  meatus  auditorius.  Besides  this  auricular 
circle  of  feathers,  the  external  meatus  of  the  ear  is  likewise 
protected  by  a  fold  of  skin.  The  legs  are  short  and  strong, 
and  are  furnished  with  four  toes,  all  armed  with  strong  crooked 
talons.  The  outer  toe  can  be  turned  backwards,  so  that  the 
foot  has  some  resemblance  to  that  of  the  Scansores.  The  tarso- 
metatarsus  is  densely  feathered  (fig.  321,  A),  and  the  plumes 
sometimes  extend  to  the  extremities  of  the  toes.  The  (Deso- 
phagus  is  not  dilated  into  a  crop  ;  and  the  indigestible  portions 
of  the  food  are  rejected  by  regurgitation  from  the  stomach 
in  the  form  of  small  pellets.  The  Owls  hunt  their  prey  in 
the  twilight  or  on  moonlight  nights,  occasionally  by  day,  and 
they  live  mostly  upon  the  lesser  Mammalia  and  small  birds, 
though  they  will  also  eat  insects  or  frogs. 

The  section  of  the  Diurnal  Rapto7'es  includes  the  four  groups 
of  the  Falcoiiida,  the  Vulturidce,  the  Cathartidce,  and  the  Gypo- 
geranidce.  The  eyes  in  this  section  are  much  smaller  than  in 
the  preceding,  and  are  placed  laterally;  and  the  plumage  is  not 
soft.  As  regards  their  power  of  flight,  they  show  a  decided 
advance  upon  the  Nocturnal  Birds  of  Prey.  The  wings  are 
long  and  pointed ;  the  sternal  keel  and  pectoral  muscles  are 
greatly  developed ;  and  many  of  the  members  of  this  section 
exhibit  a  more  rapid  power  of  locomotion  than  is  seen  in  any  ( 
other  division  of  the  animal  kingdom.  The  bill  is  long  and 
strong,  with  a  large  "  cere  "  at  the  base  of  the  upper  mandible, 
in  v/hich  the  nostrils  are  pierced.  Tlie  tarso-metatarsus  and 
toes  are  usually  covered  by  scales,  and  are  rarely  feathered. 
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Lastly,  the  oesophagus  is  dilated  into  a  capacious  crop,  the 
gizzard  is  thin,  the  intestinal  casca  are  rudimentary,  and  the 
mtestinal  canal  is  generally  short  and  wide. 

In  the  Falconidce  (fig.  320,  B)  the  head  and  neck  are  always 
clothed  with  feathers,  and  the  eyes  are  more  or  less  sunk  in 


Fig.  322.— Head  of  Vulture  {Neophron peratopterns). 


the  head,  and  provided  with  a  superciliary  ridge  or  eyebrow. 
It  is  to  a  great  extent  to  the  presence  of  this  ridge  that  many 
of  these  birds  owe  their  fearless  and  bold  expression.  In  this 
family  are  the  Falcons,  Hawks,  Buzzards,  Kites,  Harriers,  and 
Eagles,  most  of  which  are  so  well  known  that  any  description 
is  unnecessary. 

The  Old  World  Vultures  (  VidturideB),  as  shown  by  Professor 
Huxley,  are  really  closely  allied  to  the  Falmiida  proper,  from 
which  they  are  hardly  separable  as  a  family.  They  live  how- 
ever, principally  upon  carrion,  are  destitute  of  an  eyebrow,  and 
have  the  head  and  neck  frequently  naked  or  covered  only  with 
a  short  down  (fig.  322).  In  this  group  are  the  typical  "Vul- 
tures "  ( Vuliur,  Neophron^  &c.),  and  the  great  Bearded  Vulture 
or  Lammergeyer  {Gypaetos  barbatus)  of  the  mountain-ranges 
of  the  south  of  Europe  and  the  west  of  Asia. 

The  American  Vultures  form  the  separate  family  of  the 
Cathartidcz.  They  have  no  eyebrows ;  the  head  and  upper 
part  of  the  neck  are  unfeathered ;  the  bill  is  not  powerfully 
raptorial ;  the  feet  have  the  anterior  toes  partially  webbed  ;  the 
talons  are  blunt  and  little  curved ;  there  is  no  inferior  larynx  ; 
and  the  gullet  dilates  into  a  very  large  crop.    They  all  feed 
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principally  upon  carrion,  and  are  filthy  and  cowardly  birds 
The  wings,  however,  are  long  and  strong,  and  they  possess 
great  powers  of  flight.  This  group  comprises  the  Californian 
Vulture  {Cathartes  Californianus)  of  Western  North  America 
the  King  Vulture  {Sarcorainphus  papa)  of  tropical  America, 
and  the  famous  and  gigantic  Condor  {Sarcoramphiis  gryphiis) 
of  South  America. 

Lastly,  the  family  of  the  Gypogera/iidce  includes  only  the 
single  genus  Gypogeraniis  or  Serpentariiis,  including  only  the 
curious  "  Secretary  Bird  "  of  Africa.  In  this  singular  bird,  the 
legs  are  long  and  slender,  with  an  unfeathered  tarso-metatarsus, 
thus  resembling  a  typical  Wader ;  whilst  the  wings  are  long  and 
armed  with  blunt  spurs.  The  Secretary-bird  lives  principally 
upon  Snakes  and  other  reptiles,  which  it  kills  by  blows  from 
its  feet  and  wings. 

As  regards  their  distribution  in  ti)}te,  the  Raptores  seem  to 
make  their  first  appearance  in  the  Eocene  Tertiary,  where  both 
sections  of  the  order  are  represented,  the  Diurnal  forms  by  the 
Lithoiviis  vuliuriims  of  the  London  Clay,  and  the  Nocturnal  by 
the  Bubo  leptosteus  of  the  Eocene  of  Wyoming.  Amongst  the 
later  representatives  of  the  group  may  be  mentioned  the  Hai-- 
pagornis  of  the  Post-Tertiary  of  New  Zealand,  a  colossal  Bird 
of  prey,  which  was  a  contemporary  of  the  Moas. 


CHAPTER  LXVIII. 

SAURORNITHES  AND  ODONTORNITHES. 

Sub-class  III.  Saurornithes. 

Order  I.  SAURURiE. — This  order  includes  only  the  extinct 
bird,  the  ArcJmopteryx  macricra  (fig.  323),  a  single  specimen 
of  which— and  that  but  a  fragmentary  one— has  been  dis- 
covered in  the  Lithographic  Slates  of  Solenhofen  (Upper 
Oohtes).  This  extraordinary  bird  appears  to  have  been  about 
as  big  as  a  Rook  ;  but  it  differs  from  all  known  birds  in  havmg 
two  free  claws  belonging  to  the  wing,  and  in  having  a  long 
lizard-like  tail,  longer  than  the  body,  and  composed  of  separate 
vertebrcB.  The  tail  was  destitute  of  any  ploughshare-bone,  and 
each  vertebra  carried  a  single  pair  of  quills.  The  metacarpal 
bones,  also,  were  not  anchylosed  together  as  they  are  m  all  other 
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kmmm  birds,  living  or  extinct,  and  two  of  the  digits  appear  to 
have  been  unguiculate. 

The  sub-class  Saiirornithes  includes  only  the  single  order 
SauriircB,  of  which  no  other  representative  is  known  than  the 


Fig.  323. — ArchcEopteryx  macrura,  showing  tail  and  tail-feathers,  with  detached  bones. 


Jurassic  Archceopteryx.  From  the  presence  of  feathers  it  may 
be  inferred  that  Archceopteryx  was  hot-blooded,  and  this  char- 
acter, taken  along  with  the  structure  of  the  extremities,  is 
sufficient  to  justify  the  reference  of  this  unique  fossil  to  the 
Birds.  In  the  long  lizard-like  tail,  composed  of  numerous  free 
vertebra,  each  of  which  bears  a  pair  of  tail-feathers,  in  the  fact 
that  the  metacarpals  were  not  anchylosed  together,  and  in  the 
possession  of  two  free  clawed  digits  to  the  manus,  Archceopteryx 
differs  from  all  other  known  birds,  living  or  extinct.  There  is 
also  some  reason  to  believe  that  the  jaws  were  furnished  with 
teeth  sunk  in  distinct  sockets. 

Sub-class  IV.  Odontornithes. 

Order  I.  ODONTOLCiE. — This  order  has  been  founded  by 
Marsh  for  the  reception  of  the  extraordinary  Hesperoriiis 
regalis,  from  the  Cretaceous  rocks  of  North  America.  In 
this  wonderful  fossil  we  have  a  gigantic  diving-bird  somewhat 
resembling  the  true  "Divers"  or  "Loons"  {Colymbus),  but 
having  the  jaws  furnished  with  numerous  conical  recurved 
teeth,  sunk  in  a  deep  continuous  groove  (fig.  324,  b  and  d). 

The  front  of  the  upper  jaw  does  not  carry  teeth,  and  was 
probably  encased  in  a  horny  beak.    The  breast-bone  is  entirely 
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destitute  of  a  central  ridge  or  keel,  and  the  wings  are  minute 
and  quite  rudimentary  ;  so  that  Hespcroruis.  unlike  Ichthyornis 


Fig.  324. — Toothed  Birds  {OdontornitJics)  of  the  Cretaceous  rocks  of  America,    a,  Left 
lower  jaw  q{  Ichthyoniis  dispar,  slightly  enlarged  ;  b.  Left  lower  jaw  of  Hesperornit , 
regalis,  reduced  to  nearly  one-fourth  of  the  natural  size  ;  c,  Cervical  vertebra  of 
Iclithyornis  dispar,  front  view,  twice  the  natural  size ;  c.  Side  view  of  the  same  ;  d. 
Tooth  of  Hesperortds  regalis,  enlarged  to  twice  the  natural  size.    (After  Marsh.) 


must  have  been  wholly  deprived  of  the  power  of  flight,  in  thi 
respect  approaching  the  existing  Penguins.    The  tail  consists 
of  about  twelve  vertebrae,  of  which  the  last  three  or  four  are 
amalgamated  to  form  a  flat  terminal  mass,  there  being  at  the 
same  time  clear  indications  that  the  tail  was  capable  of  up  and 
down  movement  in  a  vertical  plane,  this  probably  fitting  it  to 
serve  as  a  swimming-paddle  or  rudder.    The  vertebrae  of  the 
cervical  and  dorsal  regions  are  of  the  ordinary  ornithic  type. 
The  legs  were  powerfully  constructed,  and  the  feet  were 
adapted  to  assist  the  bird  in  rapid  motion  through  the  water. 
The  known  remains  of  Hesperornis  regalis  prove  it  to  have 
been  a  swimming  and  diving  bird,  of  larger  dimensions  than 
any  of  the  aquatic  members  of  the  class  of  Birds  with  which 
we  are  acquainted  at  the  present  day.    It  appears  to  have 
stood  between  five  and  six  feet  high,  and  its  inability  to  fly  is 
fully  compensated  for  by  the  numerous  adaptations  of  its  struc- 
ture to  a  watery  life.    Its  teeth  prove  it  to  have  been  carnivor- 
ous in  its  habits,  and  it  probably  lived  upon  fishes. 

From  the  next  order,  the  present  is  readily  distinguished  by 
the  fact  that  the  vertebrcB  resemble  those  of  recent  birds,  the  ster- 
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num  is  without  a  keel,  the  wings  are  rudimentary,  and  the  teeth 
are  implanted  in  a  groove  in  the  Jaw  and  not  in  separate  sockets. 

Order  II.  ODONTOTORMiE. — This  order  has  been  founded 
by  Marsh  for  the  reception  of  two  remarkable  birds,  which  he 
has  named  Ichthyornis  dispar  and  Apatornis  celer,  both  from 
the  Cretaceous  rocks  of  North  America. 

In  Ichthyornis  dispar,  which  may  be  taken  as  the  type  of  the 
order,  the  teeth  (fig.  324,  d)  were  sunk  in  distinct  sockets,  and 
were  "small,  compressed,  and  pointed,  and  all  of  those  pre- 
served are  similar.  Those  in  the  lower  jaw  number  about 
twenty  in  each  ramus,  and  are  all  more  or  less  inclined  back- 
wards. .  .  .  The  maxillary  teeth  appear  to  have  been 
equally  numerous,  and  essentially  the  same  as  those  in  the 
mandible.  The  skull  was  of  moderate  size,  and  the  eyes 
placed  well  forward.  The  lower  jaws  are  long  and  slender, 
and  the  rami  were  not  closely  united  at  the  symphysis.  .  .  . 
The  jaws  were  apparently  not  encased  in  a  horny  sheath. 

"  The  scapular  arch,  and  the  bones  of  the  wings  and  legs, 
all  conform  closely  to  the  true  ornithic  type.  The  wings  were 
large  in  proportion  to  the  legs,  and  the  humerus  had  an 
extended  radial  crest.  The  metacarpals  were  united,  as  in 
ordinary  birds.  The  bones  of  the  posterior  extremities  re- 
semble those  of  swimming  birds.  The  vertebrse  (see  fig.  324, 
c  and  c')  were  all  biconcave,  the  concavities  at  each  end  of 
the  centra  being  distinct  and  nearly  alike.  Whether  the  tail 
was  elongated  cannot  at  present  be  determined;  but  the  last 
vertebra  of  the  sacrum  was  unusually  large. 

"The  bird  was  fully  adult,  and  about  as  large  as  a  pigeon. 
With  the  exception  of  the  skull,  the  bones  do  not  appear  to 
have  been  pneumatic,  though  most  of  them  are  hollow.  The 
species  was  carnivorous,  and  probably  aquatic."  (Marsh.) 

Apatornis  agrees  with  Ichthyornis  in  most  of  the  above  char- 
acters, but  the  structure  of  its  jaws  is  not  fully  known.  It 
follovys  from  the  above  that  the  order  OdontotormcB  is  char- 
acterised by  the  possession  of  distinct  teeth  sunk  in  separate 
sockets  in  the  jaw  and  not  in  a  continuous  groove,  by  the  fact  that 
the  vertebra  are  biconcave,  and  by  the  possession  of  a  carinate 
sternum  and  well-developed  wings. 
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CHAPTER  LXIX. 

GENERAL  CHARACTERS  OF  THE  MAMMALIA. 

The  last  and  highest  class  of  the  Vertebrata,  that  of  the  Mam- 
malia, may  be  shortly  defined  as  including  Vertebrate  animals 
in  ivhich  so7?te  part  or  other  of  the  integument  is  ahvays  provided 
with  hairs  at  some  time  of  life  ;  and  the  yoking  are  nourished,  for 
a  longer  or  shorter  time,  by  means  of  a  special  fluid — the  milk — 
secreted  by  special  glands — the  mammary  glands.  These  two 
characters  are  of  themselves  sufficient  broadly  to  separate  the 
Mammals  from  all  other  classes  of  the  Vertebrate  sub-king- 
dom. In  addition,  however,  to  these  two  leading  peculiarities, 
the  Mammals  exhibit  the  following  other  characters  of  scarcely 
less  importance : — 

1.  The  skull  ardculates  with  the  vertebral  column  by  means 
of  a  double  articulation,  the  occipital  bone  carrying  two  con- 
dyles, in  place  of  the  single  condyle  of  the  Reptiles  and  Birds. 

2.  The  lower  jaw  or  mandible  consists  of  two  halves  or 
rami,  united  anteriorly  by  a  symphysis,  but  not  necessarily 
anchylosed ;  but  these  are  each  composed  of  a  single  piece, 
instead  of  being  complex  and  consisting  of  several  pieces,  as 
in  the  Reptiles  and  Birds.  Further,  the  lower  jaw  always, 
articulates  directly  with  the  squamosal  element  of  the  skull, 
and  is  never  united  to  an  os  quadratum,  as  in  the  Sauropsida. 

3.  The  two  hemispheres  of  the  cerebral  mass,  or  brain  proper, 
are  united  together  by  a  more  or  less  extensively  developed 
"  corpus  callosum  "  or  commissure. 

4.  The  heart  consists — as  in  Birds — of  four  cavities  or 
chambers,  two  auricles  and  two  ventricles.  The  right  and  left 
sides  of  the  heart  are  completely  separated  from  one  another, 
and  there  is  no  communication  between  the  pulmonary  and 
systemic  circulations.  The  red  blood  -  corpuscles  are  non- 
nucleated,  and,  with  the  exception  of  those  of  the  Camelida,^ 
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they  are  circular  biconcave  discs.  There  is  only  one  aorta — 
the  left — which  turns  over  the  left  bronchus,  and  not  over  the 
right,  as  it  does  in  Birds. 

5.  The  cavities  of  the  thorax  and  abdomen  are  completely 
separated  from  one  another  by  a  muscular  partition— the  dia- 
phragm or  midriff. 

6.  The  respiratory  organs  are  in  the  form  of  two  lungs 
placed  in  the  thorax,  but  none  of  the  bronchi  end  in  air-recep- 
tacles, distributed  through  the  body,  as  in  Birds. 

7.  The  embryo  mammal  is  invariably  enveloped  in  an  am- 
nion, and  an  allantois  is  never  wanting.  The  allantois,  how- 
ever, either,  disappears  at  an  early  period  of  life,  or  it  develops 
the  structure  known  as  the  "placenta."  The  placenta  is  a 
vascular  organ  which  serves  as  a  means  of  communication 
between  the  parent  and  the  foetus,  but  it  will  be  noticed  more 
particularly  hereafter. 

8.  In  no  Mammal  do  the  visceral  arches  and  clefts  of  the 
embryo  ever  carry  branchias,  as  they  do  in  the  fishes  and 
Amphibians. 

These  are  the  essential  characters  which  distinguish  the 
Mammalia  as  a  class,  but  it  will  be  necessary  to  consider  these, 
and  some  other  points,  in  a  more  detailed  manner. 

In  the  first  place,  with  regard  to  the  osteology  of  the  Mam- 
mals, the  following  points  should  be  noticed  : — 

With  the  exception  of  the  Whales  and  Dolphins  {Cetacea), 
and  the  Dugongs  and  Manatees  {Sirenia),  the  vertebral  column 
is  divisible  into  the  same  regions  as  in  man — namely,  into  a 
cervical,  dorsal,  lumbar,  sacral,  and  caudal  or  coccygeal  region 
(see  fig.  224).  In  the  Cetacea  and  Sirenia  the  dorsal  region 
of  the  spine  is  followed  by  a  number  of  vertebrae  which  com- 
pose the  hinder  extremity  of  the  body,  but  which  cannot  be 
separated  into  lumbar,  sacral,  and  caudal  vertebrae. 

In  spite  of  the  great  difference  which  is  observable  in  the 
length  of  the  neck  in  different  Mammals,  the  number  of 
vertebrae  in  the  cervical  region  is  extraordinarily  constant, 
being  almost  invariably  seven,  as  in  man.  In  this  respect 
there  is  no  difference  between  the  AVhale  and  the  Giraffe, 
The  only  exceptions  to  this  law  are  the  Manatees  {Manatus) 
which  have  but  six  cervical  vertebrae  ;  the  three-toed  Sloth 
{Bradypus  tridactylus),  which  is  commonly  regarded  as  posses- 
sing nine,  though  competent  anatomists  would  refer  the  pos- 
terior two  of  these  to  the  dorsal  region ;  and  one  of  the  two- 
toed  Sloths  {Cholxpus  Hoffmaimi),  which  has  only  six  cervical 
vertebrae. 

The  dorsal  vertebrae  are  mostly  thirteen  in  number,  but  they 
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vary  from  ten  to  twenty-four.  In  man  there  are  twelve,  in  one 
of  the  Armadillos  only  ten,  and  in  the  two-toed  Sloths  and  the 
Jlyrax  the  maximum  is  attained.  The  lumbar  vertebrae  are 
usually  six  or  seven  in  number,  rarely  fewer  than  four.  In  Man 
they  are  five  in  number,  and  they  are  reduced  to  two  in  the 
two-toed  Sloth,  one  of  the  Ant-eaters,  and  the  Duck-mole. 

The  first  vertebra,  or  atlas,  always  bears  two  articular  cavi- 
ties for  the  reception  of  the  two  condyles  of  the  occipital  bone ; 
and  the  second  vertebra,  or  axis,  usually  has  an  "odontoid" 
process,  on  which  the  head  rotates.  In  the  true  Whales,  how- 
ever, in  which  the  cervical  vertebrae  are  anchylosed  together 
to  a  greater  or  less  extent,  and  the  neck  is  immovable,  the 
odontoid  process  is  also  wanting. 

In  almost  all  Mammals  the  spinous  processes  of  the  dorsal 
vertebrge  are  very  largely  developed  for  the  attachment  of  the 
structure  which  is  known  as  the  ligamentiwi  nucha.  This  is  a 
great  band  of  elastic  fibrous  tissue,  which  is  attached  in  front 
to  the  occipital  bone  and  spinous  processes  of  the  cervical 
vertebrae,  and  which  relieves  the  muscles  of  the  task  of  support- 
ing the  head  in  those  Mammals  which  progress  with  the  body 
in  a  horizontal  position.  The  development  of  the  ligamentiim 
michce  is  consequently,  as  a  rule,  proportionate  to  the  size 
of  the  head  and  the  length  of  the  neck.  In  Whales  no  such 
apparatus  is  necessary,  owing  to  the  fixation  of  the  cervical 
vertebrae  by  anchylosis;  and  in  Man,  who  walks  erect,  the 
ligamentum  nuchcz  can  hardly  be  said  to  exist  as  a  distinct 
structure,  being  merely  represented  by  a  band  of  fascia. 

The  number  of  lumbar  and  sacral  vertebrae,  as  we  have  seen, 
varies  in  different  Mammals ;  but  ordinarily  some  of  the  verte- 
brae are  anchylosed  into  a  single  bone,  and  have  the  iliac  bones 
abutting  against  them,  thus  constituting  the  "sacrum"  of 
human  anatomists.  In  the  Ceiacea  and  Sirenia,  in  which  the 
hind-limbs  are  wanting,  and  the  pelvis  rudimentary,  there  is  no 
"  sacrum." 

The  thoracic  cavity  or  chest  in  Mammals  is  always  enclosed 
by  a  series  of  ribs,  the  number  of  which  varies  with  that  of  the 
dorsal  vertebrae.  In  most  cases  each  rib  articulates  by  its 
head  with  the  bodies  of  two  vertebrae,  and  by  its  tubercle  with 
the  transverse  process  of  one  of  these  vertebrae  (the  lower  one). 
In  the  Monotremata  {e.g.,  the  Duck-mole),  the  ribs  articulate 
with  the  body  of  the  vertebra  only ;  and  in  the  Whales,  the 
hindermost  of  the  ribs,  or  all  of  them,  articulate  with  the  trans- 
verse processes  only,  and  not  with  the  centra  at  all. 

There  are  usually  no  bony  pieces  uniting  the  ribs  with  the 
sternum  or  breast-bone  in  front,  as  in  Birds  ;  but  the  so-called 
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"  sternal  ribs  "  of  Aves  are  represented  by  the  "  costal  carti- 
lages "  of  the  Mammals.  In  some  cases,  however,  the  carti- 
lages of  the  ribs  do  become  ossified  and  constitute  sternal  ribs. 
Sometimes,  as  in  the  Armadillos,  there  is  a  joint  between  the 
vertebral  ribs  and  sternal  ribs.  More  rarely,  as  in  the  M0710- 
tremes  (fig.  327,  D),  an  intermediate  piece  is  found  between 
the  vertebral  and  costal  portions  of  the  rib.  Only  the  anterior 
ribs  reach  the  sternum,  and  these  are  called  the  "  true  "  ribs  ; 
the  posterior  ribs,  which  fall  short  of  the  breast-bone,  being 
known  as  the  "  false  "  ribs. 

The  sternum  or  breast-bone  is  formed  of  several  pieces 
placed  one  behind  the  other,  but  usually  anchylosed  together 
to  form  a  single  bone.  It  is  placed  upon  the  ventral  surface 
of  the  body,  and  is  united  with  the  vertebral  column  by  the 
ribs  and  their  cartilages.  It  is  generally  a  long  and  narrow 
bone,  but  in  the  Cetacea  it  is  broad.  It  is  only  in  some  bur- 
rowing animals  (such  as  the  Moles)  and  in  the  true  flying 
Mammals  (the  Bats),  that  the  sternum  is  provided  with  any 
ridge  or  keel  for  the  attachment  of  the  pectoral  muscles,  as 
it  is  in  Birds.  The  sternum  is  primitively  composed  of  three 
pieces,  an  anterior  piece  or  presternum,  a  middle  piece  or 
mesosternuih,  and  a  posterior  piece  or  xiphisternum.  The 
prassternum  is  the  "manubrium  sterni"  of  human  anatomy,  and 
is  the  portion  of  the  sternum  which  lies  in  front  of  the  attach- 
ment of  the  second  pair  of  ribs.  All  the  other  ribs  are  con- 
nected with  .  the  mesosternum.  The  xiphisterntim  is  the 
"xiphoid  cartilage"  of  human  anatomy,  and  it  commonly 
remains  throughout  life  more  or  less  unossified.  In  the  Mono- 
tremes  there  is  a  T-shaped  bone  above  or  in  front  of  the 
prassternum,  but  this  is  to  be  regarded  as  belonging  to  the 
shoulder-girdle,  and  as  representing  the  "  episternum "  or 
"  interclavicle  "  of  the  Reptiles. 

The  normal  number  of  limbs  in  the  Mammalia  is  four,  two 
anterior  and  two  posterior ;  and  hence  they  are  often  spoken 
of  as  "  quadrupeds,"  though  all  the  limbs  are  not  universally 
present,  and  other  animals  have  four  limbs  as  well.  The  ante- 
rior limbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
the  posterior  limbs  are  absent  in  the  Cetacea  and  Sirenia. 

As  regards  the  structure  of  the  anterior  limb,  the  chief  points 
to  be  noticed  concern  the  means  by  which  it  is  connected  with 
the  tmnk.  The  scapula  or  shoulder-blade  is  never  absent,  and 
it  is  in  the  form  of  a  broad  flat  bone  (rarely  long  and  narrow), 
apphed  to  the  outer  aspect  of  the  ribs,  and  much  more  devel- 
oped than  in  the  Birds.  The  coracoid  bone,  which  forms  such 
a  marked  feature  in  the  scapular  arch  of  Aves,  is  fused  with  the 
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scapula,  and  only  articulates  with  the  sternum  in  the  Duck- 
mole  and  Echidna  {Monoircjttata).  In  all  other  Mammals  the 
coracoid  forms  merely  a  process  of  the  scapula,  and  does  not 
reach  the  top  of  the  breast-bone.  The  collar-bones  or  clav- 
icles never  unite  in  any  Mammal  to  form  a  "  furculum,"  as  in 
Birds ;  but  in  the  Monotremes  they  unite  with  an  "  interclav- 
icle,"  placed  in  front  of  the  sternum.  The  clavicles,  in  point 
of  fact,  are  not  present  in  a  well-developed  form  in  any  Mam- 
mals except  in  those  which  use  the  anterior  limbs  in  flight,  in 
digging,  or  in  prehension.  The  Cetacea,  the  Hoofed  Quadru- 
peds {Ungulata),  and  some  of  the  Edentata,  have  no  clavicles. 
Most  of  the  Carnivora  and  some  Rodents  possess  a  clavicle, 
but  this  is  imperfect,  and  does  not  articulate  with  the  top  of 
the  sternum.  The  Insectivorous  Mammals,  many  of  the 
Rodents,  the  Bats,  and  all  the  Quadrumana,  have  (with  Man) 
a  perfect  clavicle  articulating  with  the  anterior  end  of  the 
sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  {brachium), 
never  wanting,  but  is  extremely  short  in  the  Whales,  in  which 
the  anterior  limbs  are  converted  into  swimming-paddles.  In 
many  Mammals,  as  in  the  Monkeys,  and  Felidcz  (constituting 
the  most  typical  group  of  the  Carnivora),  the  median  nerve  and 
brachial  or  ulnar  artery  are  protected  on  their  way  down  the 
arm  by  a  canal  placed  a  little  above  the  elbow,  and  formed  by 
III  I  a  process — the  "  supra-condyloid  "  process — which  is  some- 

'  times  present  in  man  as  an  abnormalitj^  ^ 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are  re-i 
cognisable,  but  they  are  not  necessarily  distinct;  and  the  radius, 
as  being  the  bone  which  mainly  supports  the  hand,  is  the  only 
one  v/hich  is  always  well  developed,  the  ulna  being  often  rudi- 
mentary. In  the  Cetacea  the  ulna  and  radius  are  anchylosed 
together ;  and  in  most  of  the  Hoofed  Quadrupeds  they  are 
anchylosed  towards  their  distal  extremities.  In  the  flying 
Mammals  or  Bats  the  ulna  is  hardly  recognisable,  being  re- 
duced to  its  upper  third  and  fused  with  the  radius.  The  forC' 
arm  attains  its  greatest  perfection  in  man,  in  whom  the  radius 
can  rotate  upon  the  ulna,  so  as  to  allow  the  back  of  the  hand 
to  be  placed  upwards  or  downwards,  these  movements  being 
known  respectively  as  "pronation"  and  "supination."  In 
the  Monkeys  only  is  there  any  approach  to  this  power  of 
rotation. 

The  fore-arm  is  succeeded  by  the  small  bones  which  com- 
pose the  wrist  or  "carpus."    These  are  eight  in  number  in  j 
Man,  but  vary  in  different  Mammals  from  five  to  eleven._ 
The  metacarpus  in  Man  and  in  most  Mammals  consists  oU 
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five  cylindrical  bones,  articulating  proximally  with  the  carpus, 
and  distally  with  the  phalanges  of  the  fingers.  The  most  re- 
markable modification  of  this  normal  state  of  thmgs  occurs  m 
the  Ruminants  and  in  the  Horse.  In  the  Ruminants,  in  which 
the  foot  is  cleft,  and  consists  of  two  perfect  toes  only,  there  are 
two  metacarpal  bones  in  the  embryo;  but  these  are  anchylosed 
together  in  the  adult,  and  form  a  single  mass  which  is  known 
as'the  "canon-bone"  (fig.  325,  ca).  In  the  Horse,  in  which  the 
foot  consists  of  no  more  than 
a  single  digit,  there  is  only  a 
single  metacarpal  bone,  on  each 
side  of  which  are  two  little  bony 
spines — the  so-called  "splint- 
bones  "  —  which  are  attached 
superiorly  to  the  carpus,  and 
are  to  be  regarded  as  rudimen- 
tary metacarpals.  In  most  of 
the  other  Ungulates  there  are 
at  least  three  metacarpals,  and 
,in  the  Elephants  there  are  five. 

The  normal  number  of  digits 
is  five,  but  they  vary  from  one 
to  five.  The  middle  finger  is 
the  longest  and  most  persistent 
of  the  digits  of  the  fore-limb  \ 
and  in  the  Horse  it  is  the  only 
one  which  is  left  (fig.  325,  A). 
The  thumb  is  very  frequently 
absent.  In  the  Euminants 
there  are  only  two  fingers  which 
are  functionally  useful,  these 
carrying  the  hoofs.  In  most 
Ruminants,  however,  there  are 
two  rudimentary  and  function- 
ally useless  digits  in  addition. 

Normally  each  digit  has  three 
phalanges,  except  the  thumb, 
which  has  only  two.  In  the 
Whales  and  Dolphins  {Cetacea),  in  which  the  anterior  limbs 
form  swimming-paddles,  very  like  those  of  the  Ichthyosaurus 
and  Flesiosaurus,  the  phalanges  are  considerably  increased  in 
number  as  they  are  in  those  Reptiles.  In  all  the  Mammalia, 
too,  except  the  Ceiacea,  it  is  the  rule  that  the  terminal  phalanx 
in  each  digit  should  carry  a  nail,  claw,  or  hoof 

The  power  of  opposing  the  thumb  to  the  other  digits  of  the 


Fig.  325. — A,  Fore-leg  ot  the  Horse ;  r 
Radius  ;  c  Carpus  ;  ca  Canon-bone  ;  / 
Splint-bone  ;  a  First  phalanx  or  "great 
pastern  ; "  b  Second  phalanx  or  "small 
pastern ;"  c  Ungual  phalanx  or  "coffin- 
bone."  B,  Fore-limb  of  a  Deer;  r 
Radius  ;  c  Carpus  ;  ca  Canon-bone  ;  ^ 
Supplementary  toe. 
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hand  is  found  only  in  Man,  and  in  a  considerable  number  of  f 
the  Quadrumana,  but  never  so  perfectly  developed  as  in  Man. 
In  Man  only  does  this  power  attain  its  full  perfection,  and  it 
constitutes  one  of  the  most  striking  of  the  merely  aiiatomical 
peculiarities  by  which  Man  is  separated  from  the  Monkeys. 
As,  however,  this  feature  is  purely  adaptive,  and  is  really  to  be 
regarded  as  of  extremely  small  physiological  value,  we  ought : 
to  learn  from  this  that  the  difference  between  Man  and  the : 
Qiiadnunaiia  is  to  be  sought  in  the  mental  powers  of  each,  and  ! 
not  in  any  merely  structural  character. 

Whilst  the  anterior  limbs  are  never  absent  in  any  Mammal, , 
the  posterior  limbs  are  occasionally  wholly  wanting,  as  in  the  : 
Cetacea  and  Sirenia  (in  Halitheriiim,  an  extinct  Sirenian,  a  i 
rudimentary  femur  exists).  Generally  speaking,  however,  the ; 
posterior  limbs  are  present,  and  the  pelvic  arch  has  much  the  i 
same  structure  as  in  Man.  The  two  halves  of  the  pelvis — the 
ossa  innominata — consist  each  of  three  pieces  in  the  embryo — 
viz.,  the  ilium,  ischium,  and  pubes — which  meet  to  form  the ; 
cup-shaped  cavity  known  as  the  *'  acetabulum,"  with  which  the  .• 
head  of  the  thigh-bone  articulates.  In  the  adult  Mammall 
these  three  bones  are  anchylosed  together,  and  the  two  ossa  i 
innominata  unite  in  front  by  means  of  a  symphysis  pubis,  con-- 
stituted  either  by  a  cartilaginous  union  (synchondrosis),  or  by  ■ 
merely  ligamentous  attachment.  In  some  Mammals,  however, , 
such  as  the  Mole,  and  many  of  the  Bats,  the  pubic  bones  > 
remain  disunited  during  life.  As  a  rule,  also,  the  ossa  inno-  - 
minata  are  firmly  united  with  the  vertebral  column.  In  the  j 
Cetaceans,  in  which  the  hind-limbs  are  wanting,  and  there  is  > 
no  sacrum,  the  innominate  bones  are  rudimentary,  and  are  not  t 
attached  in  any  way  to  the  spine. 

The  only  other  bones  which  are  ever  connected  with  the; 
pelvis  are  two  small  bones  which  are  directed  upwards  from  i 
the  brim  of  the  pelvic  cavity  in  Marsupials  and  Monotremes.  ■. 
These  are  the  so-called  "  marsupial  bones,"  regarded  generally 
as  not  forming  parts  of  the  skeleton  properly  so  called,  but  t 
as  being  ossifications  of  the  internal  tendons  of  the  "externall 
oblique"  muscles  of  the  abdomen  (fig.  329). 

In  those  Mammals  which  possess  hind-limbs,  the  normal  . 
composition  of  the  member  is  of  the  following  parts: — i.  AV 
thigh-bone  or  femur;  2.  Two  bones  forming  the  shank,  and  . 
known  as  the  tibia  and  fibula ;  3.  A  number  of  small  bones  > 
constituting  the  ankle  or  tarsus;  4.  The  "root"  of  the  foot, 
made  up  of  the  "metatarsus;"  5.  The  phalanges  of  the  toes - 
(see  fig.  226). 

The  thigh-bone  or  femur  articulates  with  the  pelvis,  usually 
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at  a  very  open  angle.  In  Man  it  is  distinguished  by  being  the 
longest  bone  of  the  body,  and  by  having  the  axis  of  its  shaft 
nearly  parallel  to  that  of  the  vertebral  column.  In  most 
Mammals  the  femur  is  relatively  shorter,  and  the  axis  of  its 
shaft  deviates  considerably  from  that  of  the  spine,  being  some- 
times at  right  angles,  or  even  at  an  acute  angle. 

Of  the  bones  of  the  leg  proper  the  tibia  corresponds  to  the 
radius  in  the  fore-limb,  as  shown  by  its  carrying  the  tarsus ; 
and  the  fibula  is  the  representative  of  the  ulna.  The  articula- 
tion between  the  tibia  and  fibula  on  the  one  hand,  and  the 
femur  on  the  other,  constitutes  the  "knee-joint,"  which  is  usu- 
ally defended  in  front  by  the  "knee-pan"  or  patella,  a  large 
sesamoid  bone  developed  in  the  tendons  of  the  great  extensor 
muscles  of  the'  thigh.  The  patella  is  of  small  size  in  the  Car- 
nivora,  but  does  not  appear  to  be  wanting  in  any  except  in 
some  of  the  Marsupials.  In  many  cases  the  tibia  and  fibula 
are  anchylosed  towards  their  distal  extremities.  In  the  Horse 
the  fibula  has  much  the  same  character  as  in  Birds,  being  a 
long  splint-like  bone  which  only  extends  about  half-way  down 
the  tibia.  In  the  Ruminants  the  reverse  of  this  obtains,  the 
upper  half  of  the  fibula  being  absent,  and  only  the  lower  half 
present. 

The  tibia  articulates  with  the  tarsus,  consisting  in  Man  of 
seven  bones,  but  varying  in  different  Mammals  from  four  to 
nine. 

The  foot  consists  normally  of  five  toes  connected  with  the 
tarsus  by  means  of  five  metatarsal  bones,  which  closely  re- 
semble the  metacarpals.  In  the  Euminants  there  are  two 
principal  metatarsals,  and  these  are  anchylosed  in  the  adult, 
and  carry  two  toes.  In  the  Horse  there  is  only  one  complete 
metatarsal  supporting  a  single  toe.  As  a  rule,  the  number  of 
digits  in  the  hind-limb  or  foot  is  the  same  as  that  in  the  fore- 
limb  or  hand ;  but  this  is  not  always  the  case.  In  the  Lions, 
Tigers,  Cats,  and  Dogs,  the  posterior  limb  carries  only  four 
toes,  the  innermost  toe  or  hallux  being  w^anting.  In  the  Quad- 
rumana,  again,  all  the  five  toes  are  generally  present,  but  the 
four  outer  toes  are  much  longer  than  in  Man,  and  the  hallux 
is  shorter  than  the  other  toes,  and  often  opposable  to  them,  so 
that  the  foot  forms  a  kind  of  posterior  hand.  The  hallux  is 
also  not  uncommonly  opposable  in  other  cases. 

The  cranial  bones  are  invariably  connected  with  one  another 
by  sutures,  and  in  no  other  examples  than  the  Monotremes 
•are  these  sutures  obliterated  in  the  adult.  The  differences  of 
opinion  which  are  entertained  as  to  the  fundamental  structure 
of  the  skull  are  so  enormous,  that  it  will  be  best  not  to  attempt 
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here  any  detailed  description  of  the  skull  of  the  Mammalia, 
more  especially  as  there  is  as  yet  no  universal  agreement  even 
as  to  the  nomenclature  to  be  employed.    It  is  sufficient  to  re- 
member  that  the  skull  is  composed  of  a  series  of  bony  segments 
which  are  usually  regarded  as  modified  vertebrae.    The  occipi- 
tal  bone  carries  two  condyles  for  articulation  with  the  first 
cervical  vertebra.    The  lower  jaw  is  composed  of  two  halves  ■ 
or  rami,  which  are  distinct  from  one  another  in  the  embryo,  and  : 
may  or  may  not  be  anchylosed  together  in  the  adult.  How- 
ever this  may  be,  in  no  Mammal  is  the  ramus  of  the  lower  jaw 
composed  of  several  pieces,  as  it  is  in  Birds  and  Reptiles,  nor  • 
does  it  articulate  with  the  skull  by  the  intervention  of  an  os  . 
quadratum.    On  the  other  hand,  each  ramus  of  the  lower  jaw 
in  the  ;-Mammals  is  composed  of  only  a  single  piece,  and  arti- 
culates with  the  squamosal  element  of  the  skull,  or,  in  other  • 
words,  with  the  squamous  portion  of  the  temporal  bone. 

Teef/i  are  present  in  the  great  majority  of  Mammals;  but  : 
they  are  only  present  in  the  embryo  of  the  whalebone  Whales,  . 
and  are  entirely  absent  in  the  genera  Echidna,  Manis,  and 
Myrmecophaga.    In  the  Duck-mole  {Ornithorhyiichus)  the  so- 
called  teeth  are  horny,  and  the  same  was  the  case  in  the  extinct  : 
Rhytina  amongst  the  Sirenia.    In  all  other  Mammals  the  teeth  i 
have  their  ordinary  structure  of  dentine,  enamel,  and  crusta 
petrosa,  these  elements  being  variously  disposed  in  different 
cases,  the  enamel  being  occasionally  wanting.   In  no  Mammals  ■ 
are  the  teeth  ever  anchylosed  with  the  jaw;  and  in  all,  the 
teeth  are  implanted  into  distinct  sockets  or  alveoli,  which, 
however,  are  very  imperfect  in  some  of  the  Cetacea. 

Many  Mammals  have  only  a  single  set  of  teeth  throughout 
life,  and  these  are  termed  by  Owen  "monophyodont."  In  : 
most  cases,  however,  the  first  set  of  teeth — called  the  "  milk"  ' 
or  "  deciduous  "  teeth — is  replaced  in  the  course  of  growth  by  ' 
a  second  set  of  "  permanent "  teeth.  The  deciduous  and  per-  • 
manent  sets  of  teeth  do  not  necessarily  correspond  to  one  • 
another;  but  no  Mammal  has  ever  more  than  these  two  sets.  . 
The  Mammals  with  two  sets  of  teeth  are  called  by  Owen  i 
"  diphyodont." 

In  Man  and  in  many  other  Mammals  the  teeth  are  divisible  • 
into  four  distinct  groups,  which  differ  from  one  another  in  i 
position,  appearance,  and  function ;  and  which  are  known  : 
respectively  as  the  incisors,  canines,  prcBmolars,  and  molars  • 
(fig.  326).  "Those  teeth  which  are  implanted  in  the  prse- ■ 
maxillary  bones,  and  in  the  corresponding  part  of  the  lower  : 
jaw,  are  called  'incisors,'  whatever  be  their  shape  or  size. 
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The  tooth  in  the  maxillary  bone  which  is  situated  at  or  near 
to  the  suture  with  the  prcemaxillary,  is  the  'canine,'  as  is  also 
that  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  in 
front  of  its  crown  when  the  mouth  is  closed.  The  other  teeth 
of  the  first  set  are  the  '  deciduous  molars ; '  the  teeth  which 
displace  and  succeed  them  vertically  are  the  '  prsemolars ; ' 
the  more  posterior  teeth,  which  are  not  displaced  by  vertical 
successors,  are  the  '  molars '  properly  so  called "  (Owen). 
The  deciduous  dentition,  therefore,  of  a  diphyodont  Mammal 
consists  of  only  three  kinds  of  teeth — incisors,  canines,  and 
molars.  The  incisor  and  canine  teeth  of  the  deciduous  set 
are  replaced  by  the  teeth  which  bear  the  same  names  in  the 
permanent  set.  The  deciduous  "  molars,"  however,  are  re- 
placed by  the  permanent  "pr£emolars,"  and  the  "molars"  of 
the  permanent  set  of  teeth  are  not  represented  in  the  decidu- 
ous series,  only  existing  once,  and  not  being  ^-eplaced  by 
successors. 

All  these  four  kinds  of  teeth  are  not  necessarily  present  in 
all  Mammals,  and,  as  will  be  afterwards  seen,  the  characters  of 
the  teeth  are  amongst  the  most  important  of  the  distinctions  by 
which  the  Mammalian  orders  are  separated  from  one  another. 
The  variations  which  exist  in  the  number  of  teeth  in  different 


Fig.  326.— Teeth  of  the  right  side  of  the  lower  jaw  of  the  Chimpanzee  (after  Owen). 
i  Incisors  ;  c  Canine  tooth  ;  pm  Prsemolars  ;  111  Molars. 

Mammals  are  usually  expressed  by  a  "dental  formula,"  which 
presents  the  "dentition"  of  both  jaws  in  a  condensed  and 
easily  recognised  form. 
According  to  Owen,  the  typical  permanent  dentition  of  a 
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diphyodont  Mammal  would  be  expressed  by  the  following 
formula : — 

.3-3       I— I      .    4—4  3—3 

I  - — -      c  - — :  :  ptfi  :  m          -  aa, 

3—3        1— I     ^     4—4  3—3 

The  four  kuids  of  teeth  are  indicated  in  such  a  formula  by  the 
letters — incisors  /,  canines  c,  praemolars  pm,  molars  in.  The 
numbers  in  the  upper  line  indicate  the  teeth  in  the  upper  jaw, 
those  in  the  lower  line  stand  for  those  in  the  lower  jaw ;  and 
the  number  of  teeth  on  each  side  of  the  jaw  is  indicated  by 
the  short  dashes  between  the  figures. 

As  regards  the  digestive  system  of  the  Mammalia,  salivary 
glands  are  present  in  all  except  the  true  Cetacea.  The  alimen- 
tary canal  has  in  most  cases  essentially  the  same  structure  as  in 
man ;  and  the  same  accessory  glands  are  present — namely,  the 
liver  and  pancreas.  Some  very  remarkable  modifications  occur 
in  the  structure  of  the  stomach  and  in  the  termination  of  the 
intestine;  but  these  will  be  noticed  in  speaking  of  the  orders 
in  which  they  occur.  The  cavity  of  the  abdomen  is  always 
separated  from  that  of  the  thorax  by  a  complete  muscular 
partition — the  diaphragm — as  is  the  case  in  no  other  Vertebrate 
animals.  The  abdomen  contains  the  greater  portion  of  the 
ahmentary  canal,  the  liver,  spleen,  pancreas,  kidneys,  and  other 
organs.    The  thorax  mainly  holds  the  heart  and  lungs. 

The  heart  is  contained  in  a  serous  bag,  the  pericardium,  and 
consists  (as  in  Birds)  of  two  auricles  and  two  ventricles.  The 
effete  and  deoxygenated  blood  is  returned  from  the  tissues  by 
the  veins,  and  is  conducted  by  the  two  vense  cavse  to  the  right 
side  of  the  heart  into  the  right  auricle.    From  the  right  auricle 
it  passes  into  the  right  ventricle,  whence  it  is  propelled  through 
the  pulmonary  artery  to  the  lungs.    Having  been  submitted  to  > 
the  action  of  the  air,  the  blood,  now  arterialised,  is  carried  by 
the  pulmonary  veins  to  the  left  auricle,  and  thence  into  the  left : 
ventricle.    From  the  left  ventricle  the  aerated  blood  is  driven  1 
through  the  aorta  and  systemic  vessels  to  all  parts  of  the  : 
body.    In  Mammals,  therefore,  as  in  Birds,  the  pulmonary  ■ 
and  systemic  circulations  are  altogether  distinct  and  separate  ? 
from  one  another.    The  two  sides  of  the  heart — except  in  the  ' 
foetus  and  as  an  abnormality  in  adults — have  no  communica- 
tion with  one  another  except  by  means  of  the  capillaries.  _ 

The  red  blood-corpuscles  are  never  nucleated,  and  in  all 
except  the  Cainelidce  (in  which  they  are  oval)  they  are  circular  r 
and  discoid. 

The  lungs  of  Mammals  differ  from  those  of  Birds  in  being « 
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freely  suspended  in  the  thoracic  cavity,  the  greater  part  of 
which  they  fill,  and  in  being  enclosed  freely  in  a  serous  sac 
{pleura)  which  envelops  each  lung.  _  The  lungs  are  minutely 
cellular  throughout,  and  the  bronchi  never  open  on  the  sur- 
face of  the  lung  into  a  series  of  air-receptacles  communicating 
with  one  another,  and  placed  in  different  parts  of  the  body, 
as  is  the  case  in  Birds. 

There  is  no  "inferior  larynx"  in  any  Mammal,  and  the 
upper  aperture  of  the  true  larynx  is  always  protected  by  an 
epiglottis. 

The  kidneys  in  Mammals  are  situated  in  the  lumbar  region, 
and  exhibit  a  division  of  their  substance  into  cortical  and 
medullary  portions. 

There  are  two  ovaries  in  the  Mammals,  and  the  oviducts 
are  known  as  the  "  Fallopian  tubes."  Each  oviduct  dilates 
on  its  way  to  the  surface  into  a  uterine  cavity,  which  opens 
into  the  vagina.  In  the  Monotremes  and  Marsupials  this 
primitive  condition  is  retained  throughout  life,  the  uterus 
remaining  double,  and  opening  by  two  apertures  into  the 
cloaca  or  vagina.  In  most  cases  this  condition  is  so  far  modi- 
fied in  the  adult,  that  the  two  uteri  have  coalesced  inferiorly, 
so  as  to  have  only  a  single  opening  into  the  vagina,  whilst 
they  separate  into  two  horns  or  "  cornua  "  superiorly.  Only 
in  the  Monkeys  and  in  Man  have  the  two  uteri  completely 
coalesced  to  form  a  completely  single  cavity,  into  the  "  fundus  " 
of  which  the  Fallopian  tubes  open.  In  male  Mammals  there 
are  always  two  testes  present.  In  many  Mammals  the  testes 
are  permanently  retained  in  the  abdominal  cavity,  and  there  is 
no  scrotum.  This  is  the  case  in  the  Monotremes,  the  elephants, 
all  the  Cetacea,  and  many  of  the  Edentata.  Mostly,  however, 
the  testes  at  an  early  period  of  life  are  transferred  from  the 
abdomen  to  a  pouch  of  integument  called  the  "  scrotum." 
Usually  the  scrotum  is  placed  beneath  the  pubic  arch  and 
behind  the  penis,  but  this  position  is  reversed  in  the  Marsupials. 

Mammary  glands  are  present  in  all  Mammals,  and  they  are 
regarded  by  Huxley  as  an  extreme  modification  of  the  cutane- 
ous sebaceous  glands.  In  the  male  Mammals  the  mammary 
glands  are  present,  but,  under  all  ordinary  circumstances,  they 
remain  functionally  useless  and  undeveloped.  Considerable 
differences  obtain  as  to  the  number  and  position  of  the  mam- 
mary glands  in  different  cases  ;  but  they  are  always  placed  on 
the  inferior  surface  of  the  body,  and  their  ducts  in  the  great 
majority  of  cases  open  collectively  upon  a  common  elevation 
—the  "teat"  or  "nipple."  In  the  Monotremata,  however, 
there  are  no  nipples,  the  ducts  of  the  mammary  glands  open- 
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ing  either  into  a  pouch  of  the  integument  {Echidna)  or  upon  a 
flat  surface  {Oniithorhync/ms). 

The  young  Mammal  is  nourished  for  a  longer  or  shorter 
time  by  the  milk  secreted  by  the  mammary  glands  of  the 
mother.  In  ordinary  cases  the  milk  is  obtained  by  voluntary 
suction  on  the  part  of  the  young  animal ;  but  in  the  Marsupials 
the  young  are  at  first  unable  to  suck  for  themselves,  and  the 
milk  is  forced  out  of  the  gland  by  the  contractions  of  a  special 
muscle. 

The  nervous  system  of  Mammals  is  chiefly  remarkable  for 
the  great  proportionate  development  of  the  cerebral  mass  as 
compared  with  the  size  of  the  spinal  cord.  In  the  higher 
Mammals,  again,  the  hemispheres  of  the  cerebrum  are  much 
more  largely  developed  proportionately  than  the  remaining 
parts  of  the  brain.  The  brain  of  the  Mammals  is  chiefly  dis- 
tinguished from  that  of  the  lower  Vertebrata  by  the  fact  that  the 
two  hemispheres  of  the  cerebellum  are  united  by  a  transverse 
commissure — the  pons  Varolii — and  the  hemispheres  of  the 
brain  are  connected  by  a  great  commissure — the  corpus  cal- 
losum — which  is,  however,  of  small  size  in  the  lower  Mam- 
malia. 

The  senses,  as  a  rule,  attain  great  perfection  in  the  Mam- 
mals ;  and  the  only  sense  which  appears  to  be  ever  entirely 
wanting  is  that  of  vision.  In  one  of  the  most  familiar  instances 
of  this  last-mentioned  fact  —  namely,  in  the  Mole  —  it  has 
recently  been  shown  that  it  is  only  in  the  adult  that  vision  is 
lost,  but  that  the  organs  of  sight  are  well  developed  in  the 
young.  The  sclerotic  coat  of  the  eye  is  never  supported  by  a 
ring  of  bony  plates  as  in  Birds  and  many  Reptiles.  As  a  rule, 
in  addition  to  the  upper  and  lower  eyelids  there  is  a  third 
perpendicular  lid — the  membrana  nictitans — but  this  is  wanting 
or  quite  rudimentary  in  Man  and  in  the  Monkeys. 

An  external  ear  or  concha  for  collecting  the  vibrations  of 
sound  is  usually  present,  but  is  wanting  in  the  Cetacea,  many  of 
the  Seals,  and  in  some  other  cases. 

The  integument  is  furnished  over  a  greater  or  less  portion 
of  its  surface  with  the  epidermic  appendages  known  as  "  hairs.'' 
These  are  developed,  much  as  feathers  are,  upon  little  emi- 
nences or  papillae  of  the  dermis,  but  they  do  not  split  up  in 
the  process  of  development  as  feathers  do.  In  the  Ma?iis  or 
Scaly  Ant-eater  the  epidermic  appendages  are  in  the  form  of 
horny  scales,  and  not  uncommonly  they  are  developed  mto 
long  spines,  as  in  the  Echidna,  Porcupine,  and  Hedgehog. 
The  only  apparent  exception  to  the  universal  presence  of 
hairs  in  some  part  or  other  of  the  skin  of  all  Mammals  is 
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constituted  by  the  Cetacea,  some  of  which  are  without  hairs  in 
the  adult  state.  Some,  however,  of  these  (such  as  the  Whales) 
possess  a  few  bristles  in  the  neighbourhood  of  the  mouth  even 
when  fully  grown.  And  the  Dolphins,  which  are  totally  hair- 
less when  adult,  exhibit  tufts  of  hair  on  the  muzzle  in  the 
foetal  state. 

The  claws,  hoofs,  and  nails  of  Mammals,  and  the  horny 
sheaths  of  the  horns  of  the  Cavicorn  Ruminants,  are  also  of 
the  nature  of  epidermic  growths. 

Lastly,  the  Armadillos  are  remarkable  for  having  plates  of 
bone  developed  in  the  dermis  over  a  greater  or  smaller  por- 
tion of  the  surface. 

Distribution  of  Mammalia  in  Time. — As  a  matter  of 
course,  the  remains  of  Mammals  are  scanty,  and  occupy  but 
a  small  space  in  the  geological  record,  since  the  greater 
number  of  the  Manwialia  are  terrestrial,  and  the  greater  num- 
ber of  the  stratified  fossiliferous  deposits  are  marine.  The 
Mammals,  too,  are  the  most  highly  organised  of  the  entire 
sub-kingdom  of  the  Vertebrata  ;  and  therefore,  in  obedience  to 
the  well-known  law  of  succession,  they  ought  to  make  their 
appearance  upon  the  globe  at  a  later  period  than  any  of  the 
lower  classes  of  the  Vertebrata.  Such,  in  point  of  fact,  is  to  a 
great  extent  the  case;  and  if  the  geological  record  were  perfect, 
the  law  would  doubtless  be  carried  out  to  its  full  extent. 

It  is  in  the  upper  portion  of  the  Triassic  Rocks — that  is  to 
say.  not  long  after  the  commencement  of  the  Mesozoic  or 
Secondary  epoch — that  Mammals  for  the  first  time  make  their 
appearance ;  three  or  four  species  being  now  known  in  a  zone 
of  rocks  placed  at  the  summit  of  the  Trias,  just  where  this 
formation  begins  to  pass  into  the  Lias.  The  earliest  of  these 
— the  oldest  known  of  all  the  Mammals — appears  at  the  upper 
part  of  the  Upper  Trias  (Keuper)  and  also  at  its  very  summit 
(Penarth  Beds),  and  has  been  described  under  the  name  of 
Microlestes  antiquiis.  The  nearest  ally  of  Mio'olestes  amongst 
existing  Mammals  would  seem  to  be  the  Marsupial  and  Insec- 
tivorous Myrmecobius,  or  Banded  Ant-eater  of  Australia.  As 
only  the  teeth,  however,  of  Microlestes  have  hitherto  been  dis- 
covered, it  is  impossible  to  decide  positively  whether  this 
primeval  Mammal  was  Marsupial  or  Placental. 

The  next  traces  of  Mammals  occur  in  the  Stonesfield  Slate 
(Lower  Oolites),  and  here  four  species,  all  of  small  size,  are 
known  to  occur.  Most  of  these  were  Marsupial,  but  it  is 
possible  that  one  was  placental.  They  form  the  genera.  J mj)/ii- 
/estes,  Amj>/iit/iertnm,  PhascolotJwiim,  and  Stereognathus.  After 
the  Stonesfield  Slate  another  interval  succeeds,  in  which  no 
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Mammalian  remains  have  hitherto  been  found;  but  in  the  fresh- 
water formation  of  the  Middle  Purbeck — at  the  top,  namely,  of 
the  Oolitic  series — as  many  as  fourteen  small  Mammals  have 
been  discovered.  These  constitute  the  genera  Plagiaidax^ 
Spalacotheriwn,  Triconodon,  and  Galestes.  Another  gap  then  ■. 
follows,  no  Mammal  having  hitherto  been  discovered  in  any , 
portion  of  the  Cretaceous  series  (with  doubtful  exceptions). 

Leaving  the  Mesozoic  and  entering  upon  the  Kainozoic: 
period,  remains  of  Mammals  are  never  absent  from  any  of  the  : 
geological  formations.  From  the  base  of  the  Eocene  Rocks  > 
up  to  the  present  day  remains  of  Mammals  commonly  occur,  . 
constantly  increasing  in  number  and  importance,  till  we  arrive  : 
at  the  fauna  now  in  existence  upon  the  globe. 

The  more  important  forms  of  fossil  Mammals  will  be  spokem 
of  in  treating  of  the  separate  Mammalian  orders. 

Classification  of  the  Mammalia. — Whilst  there  exists  s 
little  divergence  of  opinion  as  to  the  orders  into  which  thee 
Mammalia  may  be  divided,  different  authorities  adopt  different  l 
views  as  to  the  great  primary  divisions  of  the  class.  Here  it  t 
will  be  sufficient  to  mention  two  modes  of  subdividing  the  el 
Mammalia,  of  which  the  first  will  be  accepted  as  sufficient  for<|l' 
practical  purposes.  1^ 

I.  The  Mammalia  may  be  divided  into  two  great  pri-i^fc 
mary  divisions,  according  as  the  structure   known   as  the 
"placenta  "  is  present  or  absent.    The  "placenta"  or  "after-r- 
birth  "  is  a  highly  vascular  organ  which  is  developed  upon  the' 
exterior  of  the  envelopes  of  the  foetus,  and  which  is  so  closely^ 
connected  with  the  inner  wall  of  the  uterus  as  to  allow  of 
interchange  of  material  between  the  blood  of  the  embryo  am 
that  of  the  mother.*    The  "Placental"  Mammals  are  thui 
enabled  to  carry  their  young  for  a  much  longer  period  thaiiJac 
are  the  "  Implacental  "  Mammals,  and  hence  the  young  anima&|l!a 
in  the  former  is  born  in  a  much  more  perfectly  developed  conf 
dition  than  in  the  latter.    The  sub-class  "  Implacentalia,"  ittd 
which  there  is  no  placenta,  comprises  only  the  orders  of  the;' 
Monotremata  and  Marsupialia.    The  sub-class  Flacaitalia,  irtJ 
which  a  placenta  is  present,  comprises  all  the  other  orders  oh 

Mammalia.  , 

II.  The  Mammalia  may  be  divided  as  follows  nito  three 
primary  divisions  according  to  the  structure  of  the  reprodu(»l 

*  No  traces  of  vascular  prominences  comparable  to  the  Mammalian  plajl 
centa  occur  in  any  animals  below  the  rank  of  Mammals,  except  ni  someii 
Sharks  and  some  Ascidians.  In  the  Sharks,  however,  the  vascular  emii^ 
nences  are  developed  from  the  umbilical  vesicle,  and  not,  as  in  Mammals^ 
from  the  allantois. 
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tive  organs.  This  arrangement  was  proposed  by  De  Blainville, 
and  is  accepted  by  Huxley,  Rolleston,  Flower,  and  other  dis- 
tinguished authorities : — 

a.  Ornithodelphia,  characterised  by  the  fact  that  the  uterine 
enlargements  of  the  oviducts  do  not  coalesce,  even  in  their 
inferior  portion,  to  form  a  common  uterine  cavity,  but  open 
separately  as  in  the  Birds  and  Reptiles.  Furthermore,  the  two 
uteri  open,  not  into  a  distinct  vagina,  but  into  a  cloacal  cavity, 
into  which  the  rectum  and  ureters  also  discharge  themselves  ; 
so  that  the  condition  of  parts  is  very  much  the  same  as  it  is 
in  Birds. 

This  division  includes  only  the  Duck-mole  {OrnWiorhyncJms) 
and  the  Porcupine  Ant-eaters  {Echidna),  forming  collectively 
the  single  order  of  the  Monotremata. 

b.  Didelphia,  characterised  by  the  fact  that  the  uterine  dilata- 
tions of  the  oviducts  continue  distinct  throughout  life,  opening 
into  two  distinct  vaginse,  which  in  turn  open  into  a  urogenital 
canal,  which  is  distinct  from  the  rectum,  though  embraced  by 
the  same  sphincter  muscle. 

'  This  sub-class  contains  the  Marsupialia,  such  as  the  Kan- 
garoos, Opossums,  Wombats,  &c.,  most  of  which  are  almost 
entirely  confined  to  Australia.  They  have  many  other  charac- 
ters in  common  which  will  be  spoken  of  hereafter. 

HI,  Monodelphia,  characterised  by  the  fact  that  the  uterine 
enlargements  of  the  oviducts  coalesce  to  a  greater  or  less 
extent  to  form  a  single  uterine  cavity,  which,  however,  generally 
shows  its  true  composition  by  being  divided  superiorly  into 
two  cornua.  The  uterus  opens  again  into  a  single  vagina, 
which  is  always  distinct  from  the  rectum.  This  sub-class 
corresponds  with  the  division  of  the  "  Placental "  Mammals, 
and  includes  all  the  Mammalia  except  the  Monotremes  and 
Marsupials. 
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CHAPTER  LXX. 

MONOTREMATA  AND  MARSUPIALIA. 

Order  I.  Monotremata. — The  first  and  lowest  order  of  the 
Mamjnalia  is  that  of  the  Monotremata,  constituting  by  itself 
the  division  Ornithodelphia,  and  containing  only  two  genera, 
both  belonging  to  Austraha — namely,  the  Duck-mole  {Ornitlio- 
rhynchiis)  and  the  Porcupine  Ant-eater  {Echidna). 

The  order  is  distinguished  by  the  following  characters : — 
The  intestine  opens  into  a  "  cloaca"  which  receives  also  the 
products  of  the  urinary  a?id  genei-ative  organs,  which  discharge 
theniselves  into  a  U7'0genital  canal — the  condition  of  parts  being  : 
very  much  the  same  as  in  Birds.    The  jaws  are  either  wholly  S 
destitute  of  teeth  (Echidna)  or  are  furnished  with  four  horny  \ 
plates  which  act  as  teeth  (Ornithorhynchus).    The  pectoral  arch  \ 
has  some  highly  bird-like  characters,  the  most  impoiiant  of  these  h. 
being  the  extension  of  the  coracoid  bones  to  the  anterior  end  of  the  Y 
sternum.    An  ifiterclavicle  is  also  present.    The  females  possess  ? 
no  marsupial  pouch,  but  the  pelvis  is  furnished  with  the  so-called  9 
''''marsupial  bones"  being  special  ossifications  of  the  internal^ 
tendons  of  the  external  oblique  muscles  of  the  abdomen.  The* 
testes  of  the  male  are  abdominal  throughout  life,  and  there  is  I 
therefore  no  scrotum,  whilst  the  vasa  deferentia  open  into  the  ; 
cloaca.     The  corpus  callosum  is  very  small,  and  has  been  x 
asserted  to  be  altogether  wanting.     There  are  no  external  1 
ears.    The  mant)?iaiy  glands  have  no  nipples,  and  their  diutsj 
open  either  into  a  kind  of  integumentary  pouch  (Echidna)  or ^- 
simply  on  a  flat  swface  (Ornithorhynchus).    The  young  are  saidf 
to  be  destitute  of  a  placenta,  or,  in  other  words,  7io  vascular  con- 
nection is  established  between  the  fatus  and  the  mother.    The  feet 
have  five  toes  each,  armed  with  claws,  and  the  males  carry 
perforated  spurs  on  the  back  of  the  tarsus  (attached  to  a  sup- 
plementary tarsal  bone). 

The  order  Monotremata  includes  only  the  two  genera  Orni- 
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thorhynchus  and  Echidna  (or  Tachyglossus) — the  one  repre- 
sented by  a  single  species  ((9.  paradoxus),  and  the  other  by 


Fig.  327. — Osteology  of  Monotremes.  A,  Skull  of  Echidna  hystrix.  B,  Side  view 
of  the  skull  of  Ornithorhynchiis  paradoxus,  and  C,  lower  jaw  of  the  same,  viewed 
from  above,  showmg  the  horny  dental  plates  (?«)■  I^i  Sternum  and  adjacent  parts  of 
the  skeleton  of  a  young  Orjiithorhyncluis  ;  c  c  Clavicles;  z"  Interclavicle  ;  p  Prae- 
sternum  ;  7ns,  Mesosternum  ;  r  r  Vertebral  ribs  ;  ir  Intermediate  ribs  ;  sr  Sternal 
ribs.    (A,  B,  and  C  are  after  Giebel ;  D  is  after  Flower.) 

four  species  {E.  hystrix,  E.  setosa,  E.  Laiuesi,  and  E.  Bridjnii). 
All  are  exclusively  confined  to  the  Australian  province. 

The  Ornithorhynchics  or  Duck-mole  is  one  of  the  most  ex- 
traordinary of  Mammals.    The  body  (fig.  328)  resembles  that 


Fig.  328. — O rnithorhytichus  paradoxus. 


of  a  mole  or  small  otter,  and  is  covered  with  a  close,  short, 
brown  fur.  The  tail  is  broad  and  flattened.  The  jaws  are 
produced  to  form  a  beak  just  like  that  of  a  duck  in  appearance; 
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hence  the  name  of  ''Duck-billed  animal,"  often  applied  to  it. 
The  margins  of  the  jaw  are  sheathed  with  horn,  and  are  fur- 
nished with  transverse  horny  plates,  two  in  each  jaw  (fig.  327, 
B  and  C) :  but  there  are  no  true  teeth.  The  sternum  (fig. 
327,  D)  is  of  five  pieces,  and  there  are  sternal  ribs.  The 
nostrils  are  placed  at  the  apex  of  the  upper  mandible.  The 
legs  are  short,  and  the  feet  have  five  toes  each,  furnished  with 
strong  claws,  which  enable  the  animal  to  burrow  with  facility. 
The  toes  are  also  united  by  a  membrane  or  web,  so  that  the 
animal  swims  with  great  ease.  The  OrnifhorhyncJms  is  ex- 
clusively found  in  Australia  and  Tasmania,  and  inhabits  streams 
and  ponds.  Its  food  consists  chiefly,  if  not  exclusively,  of 
insects,  and  the  animal  makes  very  extensive  burrows  in  the 
banks  of  the  rivers  which  it  frequents.  The  young  are  born 
quite  blind,  and  nearly  naked,  and  the  method  in  which  they 
obtain  milk  from  the  mother  is  somewhat  obscure,  as  there  are 
no  nipples,  nor  is  there  any  marsupial  pouch.  It  is  certain, 
however,  that  the  beak  of  the  young  animal  is  extremely 
different  from  what  it  is  in  the  adult  condition.  The  young 
animal  is  totally  hairless,  the  mandibles  are  soft  and  flexible, 
the  tongue  is  not  placed  far  back  in  the  mouth  (as  it  is  in  the 
adult),  and  the  eye  is  at  first  covered  by  the  skin. 

The  genus  Echidna  {Tachyglossus)  is  represented  by  four 
species — viz.,  E.  hystrix,  E.  setosa,  E.  Lawesi,  and  E.  Bruijnii, 
the  two  former  being  Australian,  whilst  the  two  last  occur  in 
New  Guinea.  The  Echidna  hystrix  is  the  best-known  species, 
and  in  some  external  respects  is  not  unlike  a  large  hedgehog, 
having  the  back  covered  with  strong  spines,  interspersed  with  a 
general  coating  of  bristly  hairs.  The  snout  has  not  the  form 
of  a  duck's  bill,  as  in  the  Ornithorhynchus,  but  the  two  jaws 
are  greatly  elongated,  and  are  enclosed  in  a  continuous  skin  tilii^ 
close  upon  their  extremities,  where  there  is  a  small  aperture 
for  the  protrusion  of  a  very  long  and  flexible  tongue.  The 
jaws  (fig.  327,  A)  are  wholly  devoid  of  teeth  or  anything  in 
the  place  of  teeth;  and  the  nostrils  are  placed  at  the  extremity 
of  the  cylindrical  snout.  The  feet  have  five  toes  each,  fur- 
nished with  strong  curved  digging-claws,  but  the  toes  are  not 
webbed.  There  are  no  nipples,  but  the  ducts  of  the  mammary 
glands  open  at  the  bottom  of  two  integumentary  pouches. 
The  Echidna  hystrix  measures  from  fifteen  to  eighteen  inches 
in  length,  and  is  a  nocturnal  animal.  It  lives  in  burrows,  and 
feeds  upon  insects,  which  it  catches  by  protruding  its  long  and 
sticky  tongue. 

As  regards  the  distribution  of  the  Monotrevies  m  time,  no 
fossil  remains  referable  to  the  order  have  ever  been  discovered, 
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with  the  exception  of  a  gigantic  Echidna,  recorded  by  Mr 
KretTt  as  occurring  in  the  Post-Tertiary  deposits  of  Australia. 

Order  II.  Marsupialia. — The  order  Marsnpialia  con- 
stitutes by  itself  the  sub-class  Didelphia,  and  forms  with  the 
Moiotremata  the  division  of  the  Non-placental  Mammals. 
With  the  single  exception  of  the  genus  Didelphys,  which  is 
American,  all  the  Marsnpialia  belong  to  the  Melanesian  pro- 
vince ;  that  is  to  say,  they  all  belong  to  Australia,  Van  Die- 
men's  Land,  New  Guinea,  and  some  of  the  neighbouring 
islands.* 

The  following  are  the  characters  which  distinguish  the 
order : — 

The  skull  is  cofJiposed  of  distinct  cranial  hojies  united  by  sutures, 
and  they  all  possess  true  teeth  ;  whilst  the  angle  of  the  lower  jaw 
is  almost  always  inflected.  The  pectoral  arch  has  the  same  form 
as  in  the  higher  Mammals,  and  the  coracoid  no  longer  reaches  the 
anterior  end  of  the  sternum.  All  possess  the  so-called  '■^marsupial 
bones"  attached  to  the  brim  of  the  pelvis.  The  corpus  callositm  is 
very  small,  and  has  been  assej'ted  to  be  absent.  The  young  Mar- 
supials are  born  in  a  very  impeifect  condition,  of  very  small  size, 
and  at  a  stage  when  their  development  has  pjvceeded  to  a  very 
li7?iited  degree  only.  (In  the  Kangaroo  the  period  of  gestation 
is  only  about  thirty-nine  days,  and  in  the  Didelphida  it  is  said 
to  be  only  fifteen  or  seventeen  days.)  There  is  no  placenta  or 
vascular  communication  between  the  mother  and  foetus,  parturitioji 
taking  place  before  any  necessity  arises  for  such  an  arrangement. 
As  the  young  are  born  i7i  such  aji  imperfect  state  of  development, 
special  arrangements  are  required  to  secure  their  existence.  When 
born,  they  are  therefore,  in  the  great  majority  of  cases,  transferred 
by  the  mother  to  a  peculiar  pouch  for7ned  by  a  folding  of  the  in- 
tegument of  the  abdomen.  This  p02ich  is  known  as  the  "  marsit- 
pium^^  and  gives  the^name  to  the  order.  Within  the  marsupiujji 
are  contained  the  nipples,  ivhich  are  of  great  length.  Being  for 
some  time  after  their  birth  extremely  feeble,  and  unable  to 
perform  the  act  of  suction,  the  young  within  the  pouch  are 
nourished  involuntarily,  the  mammary  glands  being  provided 
with  special  muscles  which  force  the  milk  into  the  mouths  of 
the  young.  At  a  later  stage  the  young  can  suckle  by  their 
own  exertions,  and  they  leave  the  pouch  and  return  to  it  at 
will.    In  a  few  forms  there  is  no  complete  marsupium  as  above 

*  One  Kangaroo  {Macropiis  Bruynii)  is  found  in  the  Indian  Archipelago, 
along  with  five  Phalangers,  which  differ  from  the  Australian  forms  in  hav- 
ing the  tail  partially  or  entirely  naked  or  scaly.  There  are  also  Tree- 
kangaroos,  and  the  curious  discus,  distinguished  by  a  prehensile  tail, 
large  eyes,  and  slow  progression. 
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described  ;  but  the  structure  of  the  nipples  is  the  same,  and 
the  young  are  carried  about  by  the  mother,  adhering  to  the 
lengthy  teats. 

The  so-called  "marsupial  bones"  (fig.  329)  doubtless  serve 
to  support  the  marsupial  pouch  and  its  contained  young,  but 

this  cannot  be  their  sole  function, 
since  they  occur  in  the  male  Marsu- 
pials and  also  in  the  Monotremes,  in 
which  there  is  no  pouch.  It  is  be- 
lieved by  Owen  that  the  function  of 
the  marsupial  bones  is  to  assist  in 
the  action  of  the  mammae  and  testes, 
serving  respectively  as  a  fulcrum  for 
the  muscle  spread  over  the  mam- 
mary gland  and  for  the  cremaster. 

The  oviducts  open  into  vaginal 
tubes  which  open  into  a  urogenital 
canal ;  but  this  does  not  open  into 
a  "cloaca,"  though  embraced  by  a 
sphincter  muscle  common  to  it  and 
to  the  rectum.  In  other  words,  the 
vagina  is  separated  wholly  or  in  great 
part  into  two  distinct  tubes,  but  these 
open  apart  from  the  intestine.  The 
testes  are  not  abdominal  throughout 
life  as  in  the  Monotremes,  but  are 
lodged  in  a  scrotum.  This,  however, 
is  placed  in  front  of  the  penis,  and 
not  beneath  the  pubic  arch  as  in  most  Mammals.  From  this 
unusual  position  of  the  scrotum,  it  is  regarded  by  Owen  as 
being  the  same  structure  as  the  marsupial  pouch  of  the  female, 
turned  inside  out. 

Though  they  form  an  extremely  natural  order,  sharply  sep-^ 
arated  from  all  the  rest  of  the  Mammals,  the  Marsupials  form 
a  large  and  varied  group.  In  fact,  this  order,  from  being  the 
almost  exclusive  possessor  of  a  continent  as  large  as  Austra- 
lia, has  to  discharge  in  the  economy  of  nature  functions  which 
are  elsewhere  discharged  by  several  orders. 

The  Marsupialia  are  divided  by  Owen  into  the  following 
sections  : — - 

a.  Rhizophaga. — In  this  section  is  the  well-known  Australian 
animal  the  Wombat  {Phascolomys  fossor),  often  called  by  the 
colonists  the  "badger."  The  Wombat  is  a  stout,  heavy 
animal,  which  attains  a  length  of  from  two  to  three  feet.  The 
are  very  short  and  stout,  and  the  animal  burrows  with 


Fig.  329. — One  side  of  the  pelvis 
of  a  Kangaroo,  showing  the 
"  marsupial  bones  "  (w).  (After 
Owen.) 
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ease  by  means  of  strong,  curved  digging-claws,  with  which  the 
fore-feet  are  furnished.  The  tail  in  the  Wombat  is  quite  rudi- 
mentary, and  the  whole  body  is  clothed  with  a  brown  woolly 
hair.  In  its  dentition  (fig.  330)  the  Wombat  presents  a  curious 


Fig.  330.— Skull  of  Wombat;   (After  Giebel.) 


resemblance  to  the  herbivorous  Rodents.  There  are  two 
incisors  in  each  jaw,  and  these  are  long  and  rootless,  growing 
from  permanent  pulps.  There  are  no  canines,  so  that  the 
incisors  and  prsemolars  are  separated  by  a  considerable  space. 
The  dental  formula  is — ■ 

.  I — I        o — o      ,     I — I        4 — 4 

t   ;  c   ;  pm   :  m  - — -  =  24. 

I  —  I        o — o  I  —  I         4 — 4 

The  prgemolars  and  molars  agree  with  the  incisors  in  growing 
from  permanent  pulps,  in  which  respect  the  Wombat  differs 


Fig.  331.— Skull  of  Macrojites  Bennetti.    (After  Giebel.) 

from  all  the  other  Marsupials,  and  agrees  with  the  herbivorous 
Rodents,  with  those  Edentata  which  have  teeth,  and  with  the 
extinct  Toxodon  (Owen). 
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The  Wombat  is  a  nocturnal  animal,  and  feeds  chiefly  upon 
roots  and  grass. 

b.  Foephaga. — In  this  section  are  the  Kangaroos  {Macropo- 
didce)  and  the  Kangaroo-rats  or  Potoroos  (^Hypsipryvmics),  all 
strictly  phytophagous.  The  Kangaroos  are  distinguished  by 
the  disproportionate  length  of  the  hmd-limbs,  and  dispropor- 
tionate development  of  the  posterior  portion  of  the  body  as 
compared  with  the  fore-limbs  and  fore-part  of  the  body.  The 
hind-legs  are  exceedingly  long  and  strong,  and  the  feet  are 
much  elongated — the  whole  sole  being  applied  to  the  ground. 
The  hind-feet  have  four  toes  each,  of  which  the  central  one 
is  by  far  the  largest,  and  the  two  inner  toes  are  very  small, 
and  are  united  by  a  common  integument.    The  tail  is  also 


Fig.  332. — Koala  or  Kangaroo-bear  {Phascolarctos  cinereus).   (After  Gould.) 


extremely  long  and  strong,  and  by  the  assistance  of  this  organ 
and  the  powerful  hind-limbs  the  Kangaroos  are  enabled  to 
effect  extraordinarily  long  and  continuous  leaps.  In  fact,  leap- 
ing is  the  ordinary  mode  of  progression  in  the  typical  Kan- 
garoos ;  and  when  walking  upon  all  fours  their  locomotion  is 
slow  and  ungraceful.  The  anterior  extremity  of  the  body  is 
very  diminutive  as  compared  with  the  posterior,  and  the  fore- 
limbs  are  quite  small,  but  have  five  well-developed  toes  armed 
with  strong  nails.  The  head  is  small,  with  large  ears,  and  the 
dental  formula  is — 
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/  — ^  :  c   ;  pm  — ■ —  :  m  -i — ?  =  28. 

I  —  I        o — o  I  —  I        4 — 4 

There  are  therefore  six  upper  incisors,  two  lower  incisors  (the 
latter  horizontal,  fig.  331),  and  no  functional  canines  (though 
rudimentary  upper  canines  are  present  in  the  young  of  some 
of  the  Kangaroos,  at  any  rate).  The  stomach  is  complex,  and 
sacculated.  The  Kangaroos  are  all  herbivorous,  and  mostly 
live,  either  scattered  or  gregariously,  on  the  great  grassy  plains 
of  Australia.  The  "  Tree-kangaroos,"  however  (constituting 
the  genus  Dendrolagus),  live  mostly  in  trees ;  and  in  adapta- 
tion to  this  mode  of  life,  the  fore-legs  are  nearly  as  long  and 


Fig-  333-— A,  Dentition  of  a  herbivorous  Marsupial  {Hypsiprymrnts  cnniculus),  showing 
the  upper  canine  (c)  and  the  great  grooved  first  praimolar  (a  d) ;  B,  Lower  jaw  of  an 
entomophagous  Marsupial  {JPerameles  obcsula)  \  C,  Lower  jaw  of  a  predatory  Mar- 
supial {Dasyzit-us  ursimcs).    (After  Giebel  and  Waterhouse.) 

strong  as  the  hind-legs,  the  tail  is  not  used  as  a  support,  and 
the  claws  are  long,  curved,  and  pointed.  They  are  natives  of 
New  Guinea.  The  "  Rock-kangaroos  "  form  the  genus  Fetro- 
gak,  and  inhabit  the  mountainous  regions  of  North-western 
Australia. 

The  Kangaroo-rats  {Hypsiprymmis)  differ  Irom  the  true  Kan-, 
garoos  chiefly  in  their  smaller  size,  and  in  the  presence  of  well- 
developed  upper  canines  (fig.  333,  A),  and  in  having  scaly 
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tails.    They  are  diminutive  nocturnal  animals,  and  they  live 
mostly  upon  roots. 

c.  Carpophaga. — Intermediate  between  the  Kangaroos  and 
the  typical  members  of  the  present  section  (the  Phalangers) 
is  the  Phascolarctos — the  "native  sloth"  or  "bear"  of  the 
Australian  colonists,  and  the  "  koala"  of  the  natives  (fig.  332). 
This  curious  animal  is  about  two  feet  in  length,  having  a  stout 
body,  covered  with  a  dense  bluish-grey  fur.  The  tail  is  wanting; 
and  the  feet  are  furnished  with  strong  curved  claws,  which  j 
enable  the  animal  to  pass  the  greater  part  of  its  existence  in  m 
trees.  In  this  it  is  greatly  assisted  by  the  fact  that  all  the  feet 
are  prehensile,  the  hallux  being  opposable,  and  the  digits  of 
the  fore-limb  divided  into  two  sets,  the  thumb  and  index- 
finger  being  opposable  to  the  other  fingers.  The  koala  is  a 
slow  animal  which  feeds  on  the  foliage  of  the  trees  in  which  it 
spends  its  existence. 

The  typical  group  of  the  carpophagous  Marsupials  is  that  of 
the  Phaknigistidce  or  Phalangers,  so  called  because  the  second 
and  third  digits  of  the  hind-feet  are  joined  together  almost  to 
their  extremities.    The  family  includes  a  number  of  small 
Marsupials,  fitted  for  an  arboreal  existence,  to  which  end  the 
hallux  is  opposable  and  nail-less,  whilst  the  four  remaining  ■ 
toes  of  the  hind-feet  have  long  curved  claws.    The  tail,  too,  ' 
is  generally  very  long,  and  its  tip  is  usually  prehensile.  The 
Phalangers  are  all  small  nocturnal  animals  which  live  upon 
fruits  and  other  vegetable  food.    The  best  known  of  them  is 
the  Australian  Opossum  {PJialangista  vulpina),  which  must 
not  be  confounded  with  the  true  or  American  Opossums,  which 
belong  to  another  section  of  the  Marsiipialia.  The  Phalangers, 
namely,  are  distinguished  from  the  Opossums  properly  so 
called,  amongst  other  characters  by  their  dentition,  the  canine 
teeth  being  always  very  small  and  functionally  useless  in  the  • 
lower  jaw,  and  sometimes  in  the  upper  jaw  as  well.   The  Pha- 
la?igista  vulpina  is  nocturnal  and  arboreal  in  its  habits,  and  its  ' 
flesh  is  esteemed  a  great  delicacy  by  the  native  Australians,  - 
with  whom  opossum-hunting  is  a  favourite  pursuit. 

The  flying  Phalangers  or  Petaiiri  are  closely  allied  to  the  | 
true  Phalangers,  but  differ  in  not  having  a  prehensile  tail,  and  i 
in  having  a  fold  of  skin  extending  on  each  side  between  the 
sides  of  the  body  and  the  fore  and  hind  Hmbs.  By  the  help 
of  these  lateral  membranes  \\\tPetauri  can  take  extensive  leaps 
from  tree  to  tree;  but  though  called  "  flying"  Phalangers,  they 
have  no  power  of  flight  properly  so  called.  They  are  beauti- 
ful little  animals,  nocturnal  in  their  habits,  and  having  the  body 
clothed  with  a  soft  and  delicate  fur. 
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d.  Enfomophaga. — In  this  section  the  jaws  are  always  fur- 
nished with  canine  teeth,  but  these  are  not  of  very  large  size, 
and  the  animals  composing  the  section  are  therefore  not  highly 
predaceous,  but  "  prey,  for  the  most  part,  on  the  smaller  and 
weaker  classes  of  invertebrate  animals."  In  this  section  are 
the  Bandicoots  {Ferainclidce),  the  American  Opossums  {Didel- 
phida),  and  the  Banded  Ant-eater  {Myrmecobius). 

The  Bandicoots  *  lyPeramelida)  are  small  Australian  animals, 
which  appear  to  fill  the  place  of  the  Hedgehogs,  Shrew-mice, 
and  other  small  Insedivora  of  the  Old  World.  The  molars  are 
cuspidate,  and  canines  are  present  (fig.  333,  B).  The  hind- 
limbs  in  the  Bandicoots  are  considerably  longer  than  the  fore- 
limbs,  and  their  progression  is  therefore  by  a  series  of  bounds. 
The  fore-limbs  have  really  five  toes  each,  but  only  the  central 
three  of  these  are  well  developed,  the  outermost  and  inner- 
most digits  being  rudimentary.  The  three  functional  toes 
are  armed  with  long  strong  claws,  with  which  the  Bandicoots 
burrow  with  great  ease.  The  marsupial  pouch — and  this  is  a 
singular  point — opens,  in  some  forms  of  the  group,  backwards 
instead  of  forwards.  In  the  nearly- allied  genus  Charopus, 
also  from  AustraHa,  the  two  outer  toes  of  the  fore -feet  are 
entirely  absent. 

The  second  family  of  this  section — namely,  the  true  Opos- 
sums or  DidelphidcE. — is  remarkable  in  being  the  only  group  of 
the  whole  order  which  occurs  out  of  the  Australian  province. 
The  Didelphidce^  namely,  are  exclusively  found  in  North  and 
South  America,  whei^e  they  are  known  as  "  Opossums."  A 
considerable  number  of  species  is  known,  but  they  are  mostly 
of  small  size,  the  largest  measuring  not  more  than  from  two 
to  three  feet,  inclusive  of  the  tail.  The  Virginian  Opossum 
{Didelphys  Virginiana)  is  the  only  member  of  the  family  which 
is  found  in  North  America,  and  it  was  the  earliest  Marsupial 
known  to  science.  Most  of  the  Opossums  are  carnivorous, 
feeding  upon  small  quadrupeds  and  birds,  but  they  also  eat 
insects,  and  sometimes  even  fruit.  One  species  {Didelphys 
caticrivo)'a)  lives,  chiefly  upon  Crabs;  and  the  Yapock  {Chdr- 
onedes)  has  webbed  feet,  and  leads  a  semi-aquatic  life.  All  the 
Didelphidce  have  the  hallux  nail-less  and  opposable  to  the 
other  toes,  so  as  to  convert  the  hind-feet  into  prehensile  hands, 
and  all  have  a  more  or  less  perfectly  prehensile  tail,  these 
being  adaptations  to  an  arboreal  life.  The  marsupial  pouch 
is  sometimes  not  present  in  a  complete  form,  but  is  merely 
represented  by  cutaneous  folds  of  the  abdomen  concealing  the 

_*The  name  "Bandicoot"  properly  belongs  to  the  Great  Rat  {Mus 
giganteus)  of  India. 
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nipples.  In  the  Diddphys  dorsigera,  in  which  this  pecuHarity 
obtains,  the  young  soon  leave  the  nipples,  and  are  then  carried 
about  on  the  back  of  the  mother,  to  whom  they  cling  by 
twining  their  prehensile  tails  round  hers.  The  dentition  of  the 
Opossums  is  remarkable  for  the  great  number  of  the  incisor 
teelh,  the  dental  formula  being — 

4—4       I— I  3—3  4—4 

The  Banded  Ant-eater  {^Myrmecobius  fasciatus)  is  a  small 
but  extremely  elegant  little  animal,  which  inhabits  Western 
and  Southern  Australia,  and  lives  upon  insects  (fig.  334).  The 
tail  is  bushy,  and  differs  from  that  of  the  Didelphidce.  in  not 
being  prehensile.  The  fore-feet  have  five  toes  armed  with 
claws ;  the  hind-feet  have  only  four  toes.  The  Myrmccobius 
is  remarkable  for  the  extraordinary  number  of  molar  teeth,  in 
which  it  exceeds  any  existing  Marsupial,  and  is  only  surpassed 
by  some  of  the  Armadillos.    The  dental  formula  is — 

.  4 — 4       I — I     ,     ^— ^        6 — 6 

I  ^— ^  ;  c  ;  pm  ^ — ^  ;  m  — -  =  54. 

3—3       1— I  3—3  6—6 

c.  Sarcophaga. — This  is  the  last  section  of  the  existing  Mar- 
supials, and  includes  a  number  of  predaceous  and  rapacious 
forms,  which  fill  the  place  held  elsewhere  by  the  true  Carnivora. 
They  are  distinguished  by  the  fact  that  the  intestine  is  desti- 
tute of  a  caecum,  and  by  their  strictly  carnivorous  dentition,  the 
canines  being  strong,  long,  and  pointed,  whilst  the  molars  and 
praemolars  have  cutting  edges  furnished  with  three  cusps  (fig. 
333,  C).  The  best-known  species  of  this  section  are  the  Thy- 
laciims  cynocephabis  and  the  Dasym'us  ursimcs.  The  former 
of  these  is  the  largest  of  the  rapacious  Marsupials,  being  about 
as  big  as  a  shepherd's  dog.  It  is  a  native  of  Van  Diemen's 
Land,  and  is  known  to  the  colonists  as  the  "  hyaena."  Its  head 
is  very  large,  and  the  back  exhibits  several  transverse  black 
bands.  It  lives  in  caverns  and  amongst  the  rocks  in  the  j 
wildest  parts  of  the  colony,  and  its  numbers  have  been  very  ^ 
much  reduced  by  the  constant  war  waged  upon  it  by  the  * 
settlers.  The  Dasyiirus  ursiiius  is  also  a  native  of  Van 
Diemen's  Land,  where  it  is  known  as  the  "native  devil." 
Though  smaller  than  the  Thylacine,  the  Dasyurus  is  extremely 
ferocious,  and  is  capable  of  committing  great  havoc  amongst 
animals  even  as  large  as  sheep. 

As  regards  their  distribution  in  time,  the  Marsupials  are 
probably  the  oldest  of  Mammals  hitherto  discovered  ;  but 
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owing  to  the  detached  and  fragmentary  condition  of  ahnost 
all  MammaHan  remains — consisting  mostly  of  the  ramus  of  the 


Fig.  334. — Myrittecobhis fasciatus. 


lower  jaw,  or  of  separate  teeth-^it  is  not  possible  to  state  this 
with  absolute  certainty.  The  Microlestes  of  the  Trias,  the 
oldest,  or  nearly  the  oldest,  of  the  Mammals,  known  only  by 
its  molar  teeth  (fig.  336),  was  probably  a  Marsupial;  but  the 


Fig.  335. — Lower  jaw  of  Dromatkerium  sylvestre.       Fig.  336.  —  a  Molar  tooth  of  Micro- 
Trias,  North  Carolina.    (After  Emmons.)  lestes  aiiiiqmcs,  magnified;  b 

Crown  of  the  same,  magnified 
still  further.    Trias,  Germany. 


evidence  upon  this  point  is  not  conclusive.    In  the  Triassic 
rocks  of  America,  also,  perhaps  at  a  lower  horizon  than  that  at 
which  Microlestes  occurs  in  Europe,  has  been  found  the  jaw  of 
small  Mammal,  which  is  probably  Marsupial,  and  has  been 
amed  Dromatherium  (fig.  335). 

In  the  next  mammaliferous  horizon,  however — namely,  that 
i)f  the  Stonesfield  Slate  in  the  Lower  Oolites — there  is  no  doubt 
but  that  some  of  the  Mammalian  remains,  if  not  all,  belong  to 
small  Marsupials  (fig.  337).  From  this  horizon  the  two  genera, 
Whascolotherium  and  Amphithcrium  are  almost  certainly  refer- 
able to  the  Marsiipialia  ;  the  latter  seeming  to  be  most  nearly 
related  to  the  living  Myrmecobius^  whilst  the  former  finds  its 
pearest  living  ally  in  the  Opossums  of  America.    The  Stereog- 
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nathiis  of  the  Stonesfield  Slate  is  in  a  doubtful  position.  It 
may  have  been  Marsupial ;  but,  upon  the  whole,  Professor 
Owen  is  inclined  to  believe  that  it  was  placental,  hoofed,  and 
herbivorous. 

In  the  middle  Purbeck  beds  (Upper  Oolite),  where  fourteen 
species  of  Mammals  are  known  to  exist,  it  is  probable  that  all 


Fig-  337  — Oolitic  Mammals,  natural  size.    i.  Lower  jaw  and  teeth  of  PhascolotJierium ; 
2.  of  Tricoiiodon  :  3.  oi  Amphitliermm;  4.  ai  Plagiaulax. 

were  Marsupial.    All  the  Purbeck  Mammalia  were  of  small 
size,  the  largest  being  no  bigger  than  a  polecat  or  hedgehog. 
They  form  the  genera  Plagiaulax,  Triconodo7i,  and  Galestes,  of  j 
which  Plagiaulax  is  believed  to  be  most  nearly  allied  to  the  j  1 
living  Kangaroo-rat  {Hypsiprymnus)  of  Australia.  I  j 

In  the  Tertiary  series  of  rocks  Marsupials  are  of  rare  occur-  j  | 
rence  \  but  Opossums,  closely  allied  to  the  existing  American  i| 
forms,  have  been  discovered  in  the  Miocene  and  Eocene  rocksU 
of  Europe,  and  have  been  referred  to  a  distinct  genus  under ?• 
the  name  of  Peratheriiim.  It  is  also  interesting  to  note  that  cl 
the  Tertiary  beds  of  Wyoming  (Eocene)  have  recently  yielded  l| 
to  the  researches  of  Professor  Marsh  the  first  fossil  Marsupials  il 
which  have  been  detected  in  the  North  American  continent  inU 
beds  older  than  the  Post-Pliocene.  11 

The  next  occurrence  of  Marsupials  is  in  the  later  TertiaryH 
(Pliocene)  and  in  the  Post-Tertiary  epoch ;  and  here  they  ^^fl 
represented  by  some  very  remarkable  forms.  The  remains  in\ 
question  have  been  found  in  the  bone-caves  of  Australia — the  i 
country  in  which  Marsupials  now  abound  above  every  other  part  .1 
of  the  globe  ;  and  they  show  that  Australia,  at  no  distant  geo-  •■ 
logical  period,  possessed  a  Marsupial  fauna,  much  resembling  ^ 
that  which  it  has  at  present,  but  of  forms  comparatively  of  a  \ 
much  more  gigantic  size.  In  the  remains  from  the  Australian  i 
bone-caves  almost  all  the  most  characteristic  living  Marsupials  < 
of  Australia  and  Van  Diemen's  Land  are  represented  ;  but  the  • 
extinct  forms  are  usually  of  much  greater  size.    We  have 
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Wombats,  Phalangers,  Flying  Phalangers,  and  Kangaroos,  with 
carnivorous  Marsupials  resembling  the  recent  Thylacinus  and 
Dasyunis.  The  two  most  remarkable  of  these  extinct  forms 
are  Diprotodon  and  Thylacoleo.  In  most  essential  respects 
Diprotodon  resembled  the  Kangaroos,  the  dentition,  especially, 
showing  many  points  of  affinity.  The  hind-limbs,  however,  of 
Diprotodon  were  by  no  means  so  disproportionately  long  as  in 
the  Kangaroos.  In  size  Diprotodo7i  must  have  many  times 
exceeded  the  largest  of  the  living  Kangaroos,  since  the  skull 
measures  three  feet  in  length  (fig.  338).  The  affinities  of 
Thylacoleo  are  disputed.  The 
great  feature  in  the  dentition 
is  the  presence  in  either  jaw 
of  one  huge,  compressed,  and 
trenchant  praemolar.  This  is 
regarded  as  corresponding  to 
the  great  cutting  praemolar  of 
the  Kangaroo-rats  {Hypsiprym- 
nus).  Upon  the  whole,  there- 
fore, Professor  Flower  con-  Yxz- yi%.—^\--xi\\o'i Dij>roiodon  Ausiraiis. 
eludes  that  "  Thylacoleo  is  a 

highly  modified  and  aberrant  form  of  the  type  of  Marsupials 
now  represented  by  the  Macropodidce  and  PhalangistidcB,  though 
not  belonging  to  either  of  these  families  as  now  restricted,"  and 
he  believes  that  its  diet  was  of  a  vegetable  nature.  On  the 
other  hand,  Professor  Owen  is  of  opinion  that  Thylacoleo  was 
probably  carnivorous  in  its  habits.  This  distinguished  natu- 
ralist thus  regards  Thylacoleo  as  an  ancient  form  of  the  Dipro- 
todont  Marsupials  (Kangaroos,  &c.),  adapted  for  carnivorism, 
but  not  anatomically  related  to  the  true  Carnivorous  or  Poly- 
protodont  Marsupials  (such  as  Thylacinus  and  Dasyurus). 
Under  any  view  of  its  habits,  Thylacoleo  is  a  very  remarkable 
type  of  the  Marsupials;  and  it  must  have  attained  a  very  great 
size,  since  the  length  of  the  crown  ot  the  great  praemolar  is 
not  less  than  two  inches  and  a  quarter. 
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CHAPTER  LXXL 
EDENTATA. 

Order  III.  Edentata  or  Bruta. — The  lowest  order  of  the 
placental  or  monodelphous  Mammals  is  that  of  the  Ede7itata^ 
often  known  by  the  name  of  Bruta.  The  name  Edentata  is 
certainly  not  an  altogether  appropriate  one,  since  it  is  only  in 
two  genera  in  the  order  that  there  are  absolutely  no  teeth. 
The  remaining  members  of  the  order  have  teeth,  but  these 
are  always  destitute  of  true  enamel,  are  never  displaced  by  a 
second  set,  and  have  no  complete  roots.  Further,  in  none  of  the 
Edentata  are  there  any  median  incisors,  and  in  only  one  species 
{one  of  the  Armadillos)  are  there  any  incisor  teeth  at  all.  Canine 
teeth,  too,  are  almost  invariably  wanting.  Clavicles  are  usually 
present,  but  are  absent  in  the  Scaly  Ant-eater  {lilanis).  All  the  >■ 
toes  are  furnished  with  long  and  powejful  claws.  The  mammaiy 
glands  are  usually  pectoral,  but  are  sometimes  abdominal  in 
position.  The  testes  are  abdominal  in  position.  The  skin  is 
often  covered  with  bony  plates  or  horny  scales. 

The  placentation  of  the  Edentates  varies,  the  placenta  being 
discoidal  and  deciduate  in  the  Sloths  {e.g.,  Cholcepus  Hoffmanni), 
but  diftuse  and  non-deciduate  in  Manis  (Turner) — a  fact  which 
throws  some  doubt  on  the  propriety  of  using  the  placental  char- 
acters in  classification. 

The  order  Edentata  is  conveniently  divided  into  two  great 
sections,  in  accordance  with  the  nature  of  the  food,  the  one 
section  Ijeing  phytophagous,  the  other  insectivorous.  In  the 
former  section  is  the  single  group  of  tlie  Sloths  {Bradypodida). 
In  the  latter  are  the  two  groups  of  the  Armadillos  {Dasypodida), 
and  the  various  species  of  Ant-eaters  (the  latter  constituting 
Owen's  group  of  the  Edentida). 

The  order  Edentata  is  but  sparingly  represented  in  modern 
times,  and  its  geographical  distribution  is  peculiar.    The  true 
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Ant-eaters,  the  Armadillos,  and  the  Sloths,  are  entirely  confined 
to  South  America,  in  which  country  a  group  of  gigantic  extinct 
Edentates  existed  in  Post-Tertiary  times.  The  Scaly  Ant-eater 
or  Manis  is  common  to  Asia  and  Africa,  and  the  genus  Oryc- 
teropus  is  peculiar  to  South  AfHca. 

The  family  Bradypodidce  (or  Tardigradd)  comprises  some 
exceedingly  curious  animals,  which  are  exclusively  confined  to 
South  America,  inhabiting  the  vast  primeval  forests  of  that 
continent.  The  Sloths  have  a  remarkably  short  and  rounded 
face,  and  the  body  is  covered  with  hair.  The  incisor  teeth  are 
altogether  wanting  (fig.  339>  A),  but  there  is  always  a  small 


Fig-  339  —A,  Side-view  of  the  skull  of  Bradypjcs  cncidligcr  ;  B,  Side-view  of  the  skull 

of  Dasypiis  gigas.    (After  Giebtel. ) 

number  of  simple  molars,  and  in  the  Two-toed  Sloths  or 
Unaus  the  first  tooth  in  each  jaw  on  each  side  is  so  much 
larger  than  the  others,  and  so  much  more  pointed,  that  it 
has  been  regarded  as  a  canine.  The  stomach  is  complex, 
somewhat  resembling  that  of  the  Ruminants.  The  cervical 
vertebrae  are  more  than  the  normal  seven  in  number  in  the 
Three-toed  Sloth,  and  less  than  the  normal  in  one  of  the 
two-toed  species ;  and  the  long  bones  have  no  medullary 
cavities.  The  most  striking  peculiarities,  however,  about  the 
Sloths  are  connected  with  their  mode  of  life.  The  Sloths, 
in  fact,  are  constructed  to  pass  their  life  suspended  from' 
the  under  surface  of  the  branches  of  the  trees  amongst 
which  they  live ;  and  for  this  end  their  organisation  is  singu- 
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larly  adapted.  The  fore-limbs  are  much  longer  than  the  hhid- 
limbs,  and  the  bones  of  the  fore-arm  are  unusually  movable. 
All  the  feet,  but  especially  the  fore-feet,  are  furnished  with 
enormously  long  curved  claws  (fig.  340),  by  the  aid  of  which 


Fig.  340.— Hand  of  Three-toed  Sloth  {Bradypiis  tridaciylus).    (After  Owen  ) 

the  animal  is  enabled  to  move  about  freely,  suspended  back 
downwards  from  the  branches.  Not  only  is  this  the  ordinary 
mode  of  progression  among  the  Sloths,  but  even  in  sleep  the 
animal  appears  to  retain  this  apparently  unnatural  position. 

Owing  to  the  disproportionate  size  of  the  fore-limbs  as  com- 
pared with  the  hind-limbs,  and  owing  to  the  fact  that  the  hind- 
feet  are  so  curved  as  to  render  it  impossible  to  apply  the  sole 
to  the  ground,  the  Sloth  is  an  extremely  awkward  animal  upon 
the  ground,  and  it  has  therefore  recourse  to  terrestrial  progres- 
sion only  when  absolutely  compelled  to  do  so.  Whilst  the 
name  of  "  Sloth  "  may  thus  appear  to  be  a  merited  one  from 
the  point  of  view  of  a  terrestrial  Mammal,  it  is  wholly  unde- 
served when  the  animal  is  looked  upon  as  especially  adapted 
for  an  arboreal  existence.  In  the  Ai  or  Three-toed  Sloth 
{Brady pus  tridaciylus)  there  are  three  toes  to  each  foot,  and 
these  are  short,  completely  rigid,  and  so  enveloped  in  the  in- 
tegument as  to  leave  nothing  visible  except  the  enormously 
long  and  crooked  claws.  The  hand  and  foot  are  jointed  to 
the  arm  and  leg  obliquely,  so  that  the  palm  and  sole  cannot  be 
applied  to  the  ground,  but  are  turned  inwards.  The  ungual 
phalanges  are  also  so  articulated  that  the  claws  are  bent  inwards 
towards  the  palm  or  sole.    There  are  sixteen  pairs  of  ribs. 

The  molars  are  rootless,  growing  from  permanent  pulps, 

4—4 

and  consisting  of  a  simple  cylinder  of  dentine  enveloped  ia 
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cement.  In  the  Unau  ( Choloepis)  the  fore-feet  are  two-toed, 
and  there  are  twenty-three  pairs  of  ribs,  the  greatest  number 
known  in  the  Mammals. 

The  second  family  of  the  Edentata  is  that  of  the  Dasypodidcz 
or  Armadillos.  These  are  found  exclusively  in  South  America, 
as  are  the  Sloths,  but  they  are  very  different  in  their  habits. 
The  Armadillos  are  burrowing  animals,  furnished  with  strong 
digging-claws  and  well-developed  collar-bones.  The  jaws  are 
provided  with  numerous  simple  molars  (fig.  339,  B),  which 
attain  the  enormous  number  of  nearly  one  hundred  in  the  great 
Armadillo  {Dasypiis  gigas).  The  upper  surface  of  the  body  is 
covered  with  a  coat  of  mail,  formed  of  hard  bony  plates  or 
shields  united  at  their  edges.  A  portion  of  this  armour  covers 
the  head  and  shoulders,  and  another  portion  protects  the  hind- 
quarters j  whilst  between  these  is  generally  a  variable  number 
of  movable  bands  which  run  transversely  across  the  body  and 
give  the  necessary  flexibility  to  this  singular  dermoskeleton. 
In  most  species  this  flexibility  is  so  great  that  the  animal  can 
roll  itself  up  like  a  hedgehog.  The  tail  is  likewise  mostly 
covered  with  bony  scutes. 

The  Armadillos  are  confined  entirely  to  America,  ranging 
from  Mexico  to  Patagonia.  In  this  country,  also,  have  been 
found  the  remains  of  the  gigantic  armour-plated  animals  allied 
to  the  Armadillos,  which  will  be  subsequently  described  under 
the  name  of  Glyptodon.  Amongst  the  best-known  species  of 
Armadillo  are  the  Peba  {Dasypus  Peba),  the  Poyou  {D.  sex- 
cinctus),  the  Tatouay  {D.  J'atouay),  and  the  Great  Armadillo 
{D.  gigas).  A  somewhat  aberrant  form  is  the  Chlaniyphorus 
(fig.  341)  of  Chili,  the  total  length  of  which  is  only  about  six 
inches. 

The  remaining  members  of  the  Edentata  are  the  various 
Ant-eaters ;  but  these  are  so  different  from  one  another  in 
their  characters  that  they  form  three  distinct  families,  also  dis- 
tinguished by  their  geographical  distribution. 

a.  Mynnecophagida. — This  family  is  exclusively  confined  to 
South  America,  as  are  the  two  preceding,  and  it  contains  only 
the  Hairy  or  true  Ant-eaters.  These  curious  animals  feed 
chiefly  upon  Ants  and  Termites,  which  they  catch  with  their 
long  sticky  tongues.  The  jaws  are  wholly  destitute  of  teeth ; 
the  body  is  covered  with  hair ;  there  is  a  long  tail ;  and  the 
feet  are  armed  with  long  and  strong,  curved  digging-claws.  The 
toes  are  united  by  skin  up  to  the  bases  of  the  claws,  as  in  the 
Sloths  ;  the  ungual  phalanges  are  articulated  in  the  same  way ; 
and  the  palms  of  the  hands  are  similarly  turned  inwards. 

The  best- known  species  of  this  family  is  the  Great  Ant-eater 
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{Mynnecophaga  iubata).  This  singular  animal  attains  a  length 
of  over  four  feet,  and  has  an  extremely  long  and  bushy  tail. 


Fig.  341. — C klamypkoriis  triincatiis 


The  jaws  are  produced  to  form  a  long  and  slender  snout, 
which  is  entirely  enclosed  in  the  skin,  till  just  at  its  extremity, 
where  there  is  an  aperture  for  the  protrusion  of  the  thread-like 
tongue.  A  bird -like  character  is  the  horny  gizzard -like 
stomach.  The  anterior  feet  have  four,  and  the  posterior  feet 
five  toes,  all  armed  with  strong  curved  claws,  which,  when 
not  used  in  digging,  are  bent  inwards,  so  that  the  animal 
walks  on  the  sides  of  the  feet.  The  animal  is  perfectly  harm- 
less and  gentle  when  unmolested,  and  leads  a  solitary  life.  It 
lives  mainly  upon  Termites,  into  the  nests  of  which  it  forces 
its  way  by  means  of  the  powerful  claws.  When  the  Termites 
rush  out  to  see  what  is  the  matter,  the  Ant-eater  captures  them 
by  thrusting  out  its  glutinous  tongue,  an  action  which  can  be 
repeated  with  marvellous  rapidity. 

In  the  closely-allied  genus  Tamandtia  the  feet  are  four-toed, 
and  the  animal  is  arboreal  in  its  habits,  as  is  also  the  case  with 
the  two-toed  Cydoihicrus.  In  accordance  with  their  mode  of 
life,  these  forms  have  prehensile  tails,  and  in  the  last-mentioned 
genus  well-developed  clavicles  are  present. 

b.  Manidce. — This  family  includes  only  the  Scaly  Ant-eaters 
or  Pangolins,  all  exclusively  confined  to  the  Old  World,  and 
found  in  both  Africa  and  Asia.  The  whole  of  the  body,  limbs, 
and  tail  in  the  Manidce  is  covered  Avith  an  armour  of  horny 
imbricated  plates,  overlapping  like  the  tiles  of  a  house,  and 
apparently  consisting  of  agglutinated  hairs.    The  legs  are 
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short,  and  furnished  with  four  or  five  toes  each,  ending  in  long 
and  strong  digging-claws;  but  there  are  no  clavicles.  The 
tongue  resembles  that  of  the  Hairy  Ant-eaters  in  being  long 
and  contractile,  and  capable  of  being  exserted  for  a  consider- 
able distance  beyond  the  mouth.  It  is  covered  with  a  glutinous 
saliva,  and  is  the  agent  by  which  the  animal  catches  ants  and 
other  insects.  The  jaws  are  wholly  destitute  of  teeth.  When 
threatened  by  danger,  the  Pangolins  roll  themselves  up  into  a 
ball,  like  the  hedgehogs.  The  tail  is  comparatively  long,  and 
is  covered  with  scales.  Though  very  strong  for  their  size, 
none  of  the  species  attain  a  length  of  more  than  three  or  four 
feet,  inclusive  of  the  tail.  The  best-known  species  are  the 
Manis  pentadactyla  of  India,  and  the  Manis  ietradadyla  of 
Africa. 

c.  OryderopidcB. — The  last  family  of  the  living  Edentata  is 
that  of  the  OryderopidcB,  comprising '  only  the  single  genus 
Oryderopics.  This  genus  comprises  two  or  three  species,  the 
best  known  being  O.  capensis,  which  is  peculiar  to  South  Africa, 
and  is  known  by  the  Dutch  colonists  as  the  "  Aardvark  "  or 
Ground-hog.  The  animal  is  nocturnal  in  its  habits,  and  lives 
upon  insects.  The  body  is  elongated,  and  the  tail  is  long,  the 
species  attaining  a  total  length  of  four  feet  or  more.  The  legs 
are  short,  and  the  feet  plantigrade,  the  anterior  pair  having  four 
unguiculate  toes,  the  posterior  five.  The  claws  are  strong 
and  curved,  and  enable  the  animal  to  construct  extensive  bur- 
rows. The  skin  is  very  thick,  and  is  thinly  covered  with  bristly 
hairs  ;  and  the  tail  is  hairy.  The  head  is  elongated,  and  the 
mouth  small — devoid  of  incisor  and  canine  teeth,  but  furnished 

with  a  number  of  cylindrical  molars  0- — \).    The  crowns  of 

6 — 6 

the  molars  are  flat,  and  they  are  composed  of  dentine  traversed 
by  numerous  dichotomising  pulp-cavities,  The  tongue  is  long, 
flat,  and  slender,  and  is  covered  by  a  sticky  saliva,  by  the  aid 
of  which  the  animal  catches  insects.  The  head  is  long  and 
attenuated,  the  snout  truncated  and  callous,  and  the  ears  large, 
erect,  and  pointed. 

As  regards  their  distribution  in  time,  the  oldest  Edentates  at 
present  known  occur  in  Europe,  in  which  country  no  members 
of  the  order  now  exist.  These  are  the  Macrothemm  and 
Ancylotheriwn  of  the  Miocene  Tertiary,  both  apparently  allied 
to  the  Oryderopidce,  with  affinities  to  the  Manidce.  The  Plio- 
cene deposits  of  North  America  have  yielded  to  the  researches 
of  Professor  Marsh  two  large  Edentates  of  the  new  genus  Moro- 
theriiim,  and  the  Miocene,  deposits  of  the  same  country  con- 
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tain  remains  of  another  Edentate  type  {Moropiis).  It  is,  how- 
ever, in  the  Post-Tertiary  deposits  of  the  American  Continent, 
and  especially  of  South  America  —  the  present  metropolis  of 
the  order — that  we  find  the  most  abundant  and  the  most  re- 
markable remains  of  Edentate  animals.  Here,  both  in  Post- 
Pliocene  superficial  deposits  and  in  cave-earths  of  the  same 
age,  we  meet  with  the  remains  of  numerous  Edentates,  often 
of  gigantic  size,  but  in  the  main  representing  the  existing  types. 

Thus  the  existing  Sloths  are  represented  in  the  Brazilian 
bone-caves  by  a  number  of  extinct  genera  of  Bradypodidce, 
whilst  the  Post- Pliocene  sands  and  gravels  of  the  open  country 
have  yielded  the  bones  of  various  huge  Edentates,  resembling 
the  Sloths  in  most  essential  respects,  but  adapted  for  a  terres- 
trial instead  of  an  arboreal  life.  Of  these  great  "  Ground- 
sloths  "  {Gravigrada),  the  most  remarkable  are  the  Megathe- 
rium (fig.  342),  which  attained  a  length  of  eighteen  feet,  with 


Fig.  2i42.— Skeleton  of  Megaiherhim.    Post-Tertiary,  South  America. 
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bones  as  massive  as,  or  more  so  than,  the  Elephant ;  and  the 
Mylodon  and  Megalonyx,  both  of  which  extended  their  range 
into  the  United  States. 

In  the  same  way  the  little  banded  Armadillos  of  South 
America  were  formerly  represented  by  gigantic  species,  con- 
stituting the  genus  Glyptodon.  The  Glyptodons  (fig.  343)  dif- 
fered from  the  living  Armadillos  in  having  no  bands  in  their 
armour,  so  that  they  must  have  been  unable  to  roll  themselves 
up.  It  is  rare  at  the  present  day  to  meet  with  any  Armadillo 
over  two  or  three  feet  in  length ;  but  the  length  of  the  Glyp- 
todon clavipes,  from  the  tip  of  the  snout  to  the  end  of  the  tail, 
was  more  than  nine  feet. 

The  trunk-arrnour  of  Glyptodon  is  formed  of  nearly  hexagonal 
bony  scutes,  forming  a  massive  dome,  for  the  support  of  which 
the  skeleton  is  specially  modified.    Thus  the  last  cervical 
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and  first  two  dorsal  vertebrce  are  anchylosed  to  form  a  single 
bone  ("  trivertebral  bone"  of  Huxley),  which  articulates  by  a 


Fig-  i^^—Glyptodon  clavi^es.    Pleistocene  deposits  of  South  America. 

movable  hinge-joint  with  the  remaining  dorsal  vertebra,  which 
are  likewise  anchylosed  to  form  a  kind  of  "  tunnel  or  arched 
bridge  of  bone."  The  last  two  lumbar  vertebrce  are  also  fused 
with  the  sacral  and  caudal  to  form  a  continuous  bony  mass, 
whilst  the  ilia  are  of  enormous  size.  Numerous  extinct  forms 
of  genuine  Armadillos  have  also  been  found  in  the  Brazilian 
bone-caves,  one  of  them  ( Chlamydotheriiim)  being  as  big  as  a 
Rhinoceros. 

Lastly,  the  South  American  Myrjnecophagida  are  represented 
in  the  Brazilian  cavern- deposits  by  the  extinct  Glossotherium. 


CHAPTER  LXXH. 

SIRENIA   AND  CETACEA. 

Order  IV.  Sirenia. — This  order  comprises  no  other  living 
animals  except  the  Dugongs  and  Manatees,  which  are  often 
placed  with  the  true  Cetaceans  (Whales  and  Dolphins)  in  a 
common  order.  There  is  no  doubt,  in  fact,  but  that  the  Sirenia 
present  certain  alliances  to  the  Cetacea  ;  and  though  they  are 
to  be  regarded  as  separate  orders,  yet,  from  one  point  of  view, 
they  may  be  considered  as  belonging  to  a  single  section,  which 
has  been  called  Mutilaia^  from  the  constant  absence  of  the 
hind-limbs. 

The  Sirenia  agree  with  the  Whales  and  Dolphins  in  their 
complete  adaptation  to  an  aquatic  mode  ot  life  (fig.  344) ; 
especially  in  the  presence  of  a  poweffid  caudal  fin,  which  differs 
from  thai  of  Fishes  in  being  placed  horizontally,  and  in  being  a 
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mere  expansmi  of  the  integuments,  7iot  supported  by  bojiy  rays. 
The  hind-limbs  are  wholly  wanting;  *  and  there  is  no  sacrum. 


I'  lg-  344- — A,  Side  view  of  young  Manatiis  Americanns  ;  B,  The  same  viewed 
from  above;  »  Nostrils.    (After  Murie.) 

The  anterior  lijnbs  are  converted  into  swimming-paddles  or  " 
pers."    The  snout  is  fleshy  and  well-developed,  and  the  nostriwKt'. 
are  placed  on  its  upper  surface,  and  not  on  the  top  of  the  hea^^^^ 
as  in  the  Whales.    Fleshy  lips  are  present,  and  the  upper  one 
usually  carries  a  moustache.    The  skin  is  covered  with  scatters 
bristles.    The  head  is  not  disproportionately  large,  as  in  tl 
tme  Whales,  and  is  not  so  gradually  prolonged  into  the  boc 
as  it  is  in  the  latter.    There  may  be  only  six  cervical  vertebrae.] 
The  teats  are  two  in  number  and  are  "  thoracic,"  i.e.,  are  placedj 
on  the  chest.    There  are  no  clavicles,  and  the  digits  have  nol 
more  than  three  phalanges  each.     The  testes  are  retainedl 
throughout  life  within  the  abdomen,  but  vesiculae  semiualesl 
are  present.    The  animal  is  diphyodont  {Manaius),  or  monophy- 
odont  {Ilalicore) ;  the  perma7ient  teeth  consisting  of  molars  7vith\ 
flattened  crowns  adapted  for  bruising  vegetable  food,  and  incisors  i 
which  are  present  in  the  young  animal,  at  any  rate.     In  the  t 
extinct  Rhytina  it  does  not  appear  that  there  were  any  incisor  i 
teeth.  Info 
The  only  existing  Sirenia  are  the  Manatees  {Manatus)  and^i 

*  All  the  Sirenians  possess  a  rudimentarj'  pelvis,  and  in  the  extinct  HaU-  ^ 
therium  a  small  femur  is  present  in  addition.  - 
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the  Dugongs  {Ilalicore),  often  spoken  of  collectively  as  "  sea- 
cows,"  and  forming  the  family  of  the  Manatida. 

The  Manatees  (fig.  345)  are  characterised  by  the  possession 
of  numerous  molar  teeth,  and  of  two  small  upper  incisors,  which 


Fig-  34S-— A,  Side  view  of  the  skull  of  the  Dugong  {Halicore),  showing  the  tusk-like 
upper  incisors  ;  B,  Side-view  of  the  skuil  of  Manatee  {Ma?iaUis).    (After  Cuvier.) 


are  wanting  in  the  adult.  The  tail  -  fin  is  oblong  or  oval  in 
shape,  and  the  anterior  limbs  are  furnished  with  nails  to  the 
four  outer  digits.  One  species  {Manatus  Americamis)  occurs  on 
the  east  coast  of  North  America,  especially  in  the  Gulf  of  Mexico, 
and  another  (^M.  Senegalensis)  is  found  on  the  west  coast  of 
Africa.  They  are  generally  found  in  considerable  numbers 
about  the  mouths  of  rivers  and  estuaries,  often  ranging  far  in- 
land, and  they  appear  to  live  entirely  upon  sea-weeds,  aquatic 
plants,  or  the  littoral  vegetation.  They  are  large,  awkward 
animals,  with  a  dense,  rugose,  hairy  skin,  attaining  a  length  of 
from  eight  to  ten  feet  as  a  rule,  but  sometimes  growing  to  a 
length  of  nearly  twenty  feet. 

The  Dugongs  [Halicore,  fig.  345,  A)  have  ^ — ^  or  ^ — ^ 

nolar  teeth  in  the  young  condition,  but  these  are  never  all  in 
ise  at  one  time.  The  molars  are  without  enamel,  and  are 
iingle-rooted.  Inferior  incisors  are  present  in  the  young  ani- 
nal,  but  are  wanting  in  the  adult.  The  upper  jaw  carries  two 
)ermanent  incisors,  which  are  entirely  concealed  in  the  jaw  in 
he  females,  but  which  increase  in  size  in  the  males  with  the 
ige  of  the  animal,  till  they  become  pointed  tusks.  The  an- 
erior  extremities  are  nail-less,  and  the  tail-fin  is  crescentic  in 
hape.  In  their  general  appearance  and  in  their  habits  the 
)ugongs  differ  little  from  the  Manatees,  and  they  are  often 
.illed  and  eaten.  They  attain  a  length  of  from  eight  to  ten, 
welve,  or  more  feet,  and  are  found  on  the  coasts  of  the  Indian 
)cean,  extending  their,  range  to  the  north  coast  of  Australia. 
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The  bones  are  remarkable  for  their  extreme  density,  their  tex- 
ture lieing  nearly  as  close  as  ivory. 

The  Manatees  and  Diigongs,  as  before  said,  are  the  only 
living  Sirenia  ;  but  besides  these  there  is  a  very  singular  form, 
the  Rhytina  StcUeri,  which  is  now  extinct,  having  been  exter- 
minated by  man  within  a  comparatively  recent  period.    This  . 
remarkable  animal  was  discovered  about  the  middle  of  the  ? 
eighteenth  century  in  a  little  island  (Behring's  Island)  off  the 
coast  of  Kamtchatka.    Upon  this  island  the  celebrated  voyager 
Behring  was  wrecked,  and  he  found  the  place  inhabited  by 
these  enormous  animals,  which  were  subsequendy  described 
by  M.  Steller,  who  formed  one  of  his  party.    The  discovery, , 
however,  was  fatal  to  the  RJiytina,  for  the  last  appears  to  have> 
been  seen  in  the  year  1768.    The  Rhytina  was  an  animal  of|f 
great  size,  measuring  twenty-five  feet  in  length,  and  twenty  feet 
at  its  greatest  circumference.    There  can  hardly  be  said  to 

have  been  any  true  teeth,  but  the  jaws  contained  ~  ^  largi^ 

lamelliform  fibrous  structures,  w^hich  officiated  as  teeth,  an 
may  be  looked  upon  as  molars.    These  singular  structures  are 
not  teeth,  in  the  true  sense  of  this  term  ;  but  they  are  similar  td 
the  horny  tuberculated  plates  found  in  the  front  of  the  mouth 
of  the  Dugong  and  Manatee,  and  the  upper  ones  may  bCs 
regarded  as  the  equivalent  of  the  anterior  palatine  pad  of  the 
Ruminants  (Murie).    The  epidermis  was  extremely  thick  an 
fibrous,  and  hairs  appear  to  have  been  wanting.    There  was 
crescentic  tail-fin,  and  the  anterior  limbs  alone  were  present. 

As  regards  the  distribution  in  time  of  the  Sirenia,  the  oldest, 
known  remains  referable  to  the  order  are  found  in  the  Eocene^ 
Tertiary  {Eotheriiini).    Of  the  same  age  is  probably  the  int6l| 
esting  form  described  from  the  Tertiary  deposits  of  Jamaica  bj 
Owen  under  the  name  o{  Frorastomus  sirenoides.    This  type^ 
is  remarkable  as  possessing  upper  and  lower  canines  in  addi-'i 
tion  to  molar  and  incisor  teeth.    The  Miocene  and  Pliocene' 
deposits  of  Europe  have  yielded  remains  of  numerous  Sirenians 
belonging  to  the  genus  Halitherium,  in  which  there  are  tusk-  .• 
like  upper  incisors  (as  in  Haiicorc),  combined  with  enamelled^  arc 
molars  (as  in  Manatiis),  and  in  which  a  rudimentary  temur  i»  (60 
attached  to  the  pelvis.     Remains  of  Rhytina  occur  in  thele 
Post-Pliocene  of  Siberia.  ^'^ 

Order  V.  Cetacea.— In  this  order  are  the  Whales,  Dol- 
phins, and  Porpoises,  all  agreeing  with  the  preceding  in  tliieir  Jp,, 
complete  adaptation  to  an  aquatic  life  (figs.  348,  35°)-  ^'^"^ 
body  is  completely  fish-like  in  form;  the. anterior  limbs  arc  con- 
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verted  into  swimming-paddles  or  ''flippers  ;  "  the  proximal  bones 
of  the  fore-limbs  are  much  reduced  in  length,  and  the  succeeding 
bones  are  shortened  and flattened,  and  are  enveloped  in  a  tendinous, 
skin,  thus  reducing  the  limbs  to  oar-like fl?is  ;  there  are  no  extej-nal 
ears ;  the  posterior  limbs  are  completely  absent;  and  there  is  a 
powerful,  horizontally  flattened,  caudal  fin,  sornetimes  accompanied 
by  a  dorsal  fin  as  well.  In  all  these  characters  the  Cctacea 
agree  with  the  Sirenia,  except  in  the  one  last  mentioned.  On 
the  other  hand,  the  nostrils,  which  may  be  single  or  double,  are 
always  placed  at  the  top  of  the  head,  constit^iting  the  so-called 
'■'blow-holes"  or  "spiracles ;"  and  they  are  never  situated  at  the 
end  of  a  S7iout.  The  body  is  very  sparingly  f  urnished  with  hairs, 
or  the  adult  may  be  completely  hairless.  The  testes  are  retained 
throughout  life  within  the  abdomen,  and  there  are  no  vesiculse 
seminales.  The  teats  are  two  in  number,  and  are  placed  upon 
the  groin.  The  head  is  generally  of  disproportionately  large 
size,  and  is  never  separated  from  the  body  by  any  distinct  con- 
striction or  neck.  The  lumbar  region  of  the  spine  is  long,  and, 
as  in  the  Sirenia,  there  is  no  sacrum,  and  the  pelvis  is  repre- 
sented by  a  single  bone  (the  ischium)  on  each  side.  A  rudi- 
mentary femur  may  be  present,  and  Balaiia  mysticetus  has  a 
cartilaginous  tibia  as  well.  There  are  no  clavicles,  and  some 
of  the  digits  may  possess  more  than  three  phalanges  each. 
Lastly,  the  adult  is  either  destitute  of  teeth,  or,  with  the  single 
exception  of  the  Zeuglodontida,  is  monophyodont — that  is  to  say, 
possesses  but  a  single  set  of  teeth,  which  are  never  replaced 
by  others.  When  teeth  are  present,  they  are  usually  conical  and 
numej'ous,  and,  except  in  the  Zeuglodonts,  they  are  always  of  one 
ki7id  only. 

The  Cetacea  may  be  divided  into  the  five  families  of  the 
Balanidce  or  Whalebone  Whales,  the  Delphinidce  or  Dolphins 
and  Porpoises,  the  Catodontida  or  Sperm  Whales,  the  Rhyn- 
choceti  or  Ziphioid  Whales,  and  the  Zeuglodontidce.  Of  these, 
the  Balcenidce  are  often  spoken  of  as  the  "toothless  "  Whales, 
whilst  the  other  four  families  are  called  the  "  toothed  "  Whales 
i^Odontoceti). 

Fam.  I.  Balcenidce. — The  BalcEnidcB  or  Toothless  Whales 
are  characterised  by  the  total  absence  of  teeth  in  the  adult 
(fig-  346).  Teeth,  however,  are  present  in  the  foetal  AVhale, 
but  they  never  cut  the  gum.  The  place  of  teeth  is  supplied 
by  a  number  of  plates  of  whalebone  or  "  baleen  "  attached  to 
the  palate  ;  hence  the  name  of  "  whalebone  Whales "  often 
given  to  this  family.  They  are  the  largest  of  living  animals, 
and  may  be  divided  into  the  two  sections  of  the  Smooth  Whales' 
..n  which  the  skin  is  smooth  and  there  is  no  dorsal  fin  (as  in 
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the  Greenland  Whale),  and  the  Furrowed  Whales,  in  which 
the  skin  is  furrowed  and  a  dorsal  fin  is  present  (as  in  the  so- 
called  Finner  Whales  and  Hump-backed  Whales. 

The  Greenland  or  "  Right "  Whale  {Balana  inystkdus)  VixW  illustrate 
almost  all  the  leading  points  of  interest  in  the  family.    Tlie  Greenland 


Fig.  346. — Skull  of  the  Right  Whale  {Baleena  mysticeUis).    (After  Owen.) 

Whale  is  the  animal  which  is  sought  after  in  the  whale-fishery  of  Europe, 
and  hence  the  name  of  "Right"  Whale  often  applied  to  it.  It  is  an 
inhabitant  of  the  Arctic  seas,  and  reaches  a  length  of  from  forty  to  sixty 
feet.  Of  this  enormous  length,  nearly  one-third  is  made  up  of  the  head, 
so  that  the  eye  looks  as  if  it  were  placed  nearly  in  the  middle  of  the  body. 
The  skin  is  completely  smooth,  and  is  destitute  of  hairs  in  the  adult.  The 
fore-limbs  are  converted  into  "flippers"  or  swimming-paddles,  but  the 
main  organ  of  progression  is  the  tail,  which  often  measures  from  twenty 
to  twenty-five  feet  in  breadth.  The  mouth  is  of  enoiTOOus  size,  the  upper' 
jaw  somewhat  smaller  than  the  lower,  and  both  completely  destitute  of 
teeth.  Along  the  middle  of  the  palate  runs  a  strong  keel  bordered  by  two 
lateral  depressions,  one  on  each  side.  Arranged  transversely  in  these 
lateral  depressions  are  an  enormous  number  of  horny  plates,  constituting 
what  is  known  as  the  "baleen"  plates,  from  which  the  whalebone  of 
commerce  is  derived.  The  arrangement  of  the  plates  of  baleen  is  some- 
what as  follows  (fig.  347) :— Each  plate  is  somewliat  triangular  in  shape, 
the  shortest  side  or  base  being  deeply  sunk  in  tlie  palate.  The  outer  edge 
of  the  plate  is  nearly  straight,  and  is  quite  unbroken.  The  inner  edge  is 
slightly  concave,  and  is  furnished  with  a  close  fringe  formed  of  detached 
fibres  of  whalebone.  For  simplicity's  sake  each  baleen-plate  has  been 
regarded  here  as  a  single  plate,  but  in  reality  each  plate  is  composed  of 
several  pieces,  of  which  the  outermost  is  by  far  the  largest,  whilst  the 
others  gradually  decrease  in  size  towards  the  middle  line  of  the  palate. 
The  large  marginal  plates  are  from  eight  to  ten  or  fourteen  feet  in  length, 
and  there  may  be  about  two  hundred  on  each  side  of  the  mouth. 

The  object  of  the  whole  series  of  baleen-plates  with  which  the  palate  is 
furnished,  is  as  follows  : — The  Whale  is  a  strictly  carnivorous  or  zoophagous 
animal,  but  owing  to  the  absence  of  teeth,  and  the  comparatively  small 
calibre  of  the  oesophagus,  it  lives  upon  very  diminutive  animals.  The 
Whale,  in  fact,  lives  mostly  u]Don  the  shoals  of  small  Pteropodous  Molluscs, 
Crustacea,  CtenopJiora  and  Medusa:,  which  swarm  in  the  Arctic  seas.  To 
obtain  these,  the  whale  swims  with  the  mouth  opened,  and  thus  fills  the 
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mouth  with  an  enormous  mass  of  water.  The  baleen-plates  have  the 
obvious  function  of  a  "screening  apparatus."  The  water  is  strained 
through  the  numerous  plates  of  baleen,  and  all  the  minute  animals  which 
it  contains  are  arrested  and  collected  together  by  the  inner  fibrous  edges 
of  the  baleen-plates.  When,  by  a  repetition  of  this  process,  the  Whale 
has  accumulated  a  sufficient  quantity  of  food  within  the  central  cavity  of 
the  mouth,  it  is  enabled  to  swallow  it,  without  taking  the  water  at  the 
same  time. 

We  have  now  to  speak  of  a  phenomenon  which  has  given  rise  to  a  con- 
siderable amount  of  controversy — namely,  what  is  known  as  the  "blow- 
ing" or  "spouting"  of  the  whale.  In  all  the  Cetaceans  the  nose  opens 
by  a  single  or  double  aperture  (the  latter  in  the  Balccnidce)  upon  the  top 
of  tlie  head,  and  these  external  apertures  or  nostrils  are  known  as  the 
"blow-holes"  or  "spiracles."  The  act  known  to  the  whalers  as  "blow- 
ing," consists  in  the  expulsion  from  the  blow-holes  of  a  jet  of  what  is 
apparently  water,  or  at  any  rate  looks  like  it.  This  act  is  performed  by 
the  whale  upon  rising  to  the  surface,  and  it  is  usually  by  this  that  the 


t  ig  347-— Diagram  of  the  baleen-plates  of  a  Whale,  a  a  Section  of  the  palatal  surface 
of  the  upper  jaw,  showing  the  strong  median  ridge  or  keel ;  b  b  Baleen-plates  sunk  at 
their  bases  in  the  palate  ;  //  Fibrous  margin  of  baleen-plates. 


whereabouts  of  the  animal  is  discovered.  The  old  view  as  to  what  takes 
place  in  the  act  of  blowing  is,  that  the  whale  is  really  occupied  in  getting 
rid  of  the  surplus  water  which  it  has  taken  in  at  the  mouth  and  strained 
hrough  the  baleen-plates.  The  modern  and  undoubtedly  correct  view, 
lowever,  is,  that  the  water  which  has  been  strained  through  the  baleen 
■eally  makes  its  escape  at  the  sides  of  the  mouth,  and  does  not  enter  the 
)harynx  to  be  expelled  through  the  nose.    Upon  this  view  the  apparent 

2  T 


658 


MANUAL  OF  ZOOLOGY. 


column  of  water  emitted  from  the  blow-holes  in  the  act  of  blowing  con. 
sists  really  of  tiie  expired  air  from  the  lungs,  the  contained  wateiy  vapour 
of  which  is  suddenly  condensed  on  its  entrance  into  the  cold  atmospiiere. 
With  the  expired  air  there  may  be  such  water  as  may  have  gained  access 
to  the  nose  througli  the  blow-hole,  for  the  expulsion  of  which  proper  pro- 
vision  exists  in  the  form  of  muscular  diverticula  of  the  nasal  cavity.  It  is 
also  possible  that  the  column  of  air  in  being  forcibly  expelled  from  the 
blow-hole  may  take  up  witli  it  some  of  the  superincumbent  water. 

The  skin  in  the  Right  Whale  is  perfectly  smooth  and  naked,  but  it  is 
underlaid  by  a  thick  layer  of  subcutaneous  fat,  which  varies  from  eight  to 
fifteen  inches  in  thickness,  and  is  known  as  the  "  blubber,"  The  blubl,'  ; 
serves  partly  to  give  buoyancy  to  the  body,  but  more  especially  to  protect 
the  animal  against  the  extreme  cold  of  the  medium  in  which  it  lives.  It  is 
the  blubber  which  is  chiefly  the  object  of  the  whale-fishery,  as  it  yields  the 
whale-oil  of  commerce. 

The  whale  which  is  captured  in  the  South  Atlantic  is  not  the  same 
species  as  the  Greenland  Whale,  and  is  termed  the  Balccna  aiistralis.  It 
is  much  about  the  size  of  the  Right  Whale,  averaging  about  fifty  feet,  but 
the  head  is  proportionately  smaller.  In  the  South  Pacific  occurs  BaUcna 
antipodarum,  and  in  the  North  Pacific  we  meet  with  the  B.  Japoiiica 
along  with  the  B.  mysticeius  or  Right  Whale  of  the  North  Atlantic  (Van 
Beneden). 

The  only  remaining  members  of  the  Balcenidcs  which  require  notice  are; 
the  Rorquals  and  Hump-backed  Whales,  constituting  the  group  of  th^' 
"Furrowed  "  Whales.    These  are  collectively  distinguished  by  having  t 
skin  furrowed  or  plaited  to  a  greater  or  less  extent,  whilst  the  baleen-plat 
are  short,  and  there  is  a  dorsal  fin.    The  specific  determination  of  the 
animals  is  a  matter  of  great  difficulty,  but  there  would  appear  to  be  pro 
ably  three  well-marked  genera  : — i.  The  genus  Megapta-a,  including  the 
so-called  Ilump-backed  Wales,  in  which  the  flippers  are  of  great  length, 
from  one-third  to  one-fifth  of  the  entire  length  of  the  body.    2.  The  genus' 
BaltBHoptera,  comprising  the  so-called  Rorquals  or  Piked  Whales,  in  which 
the  flippers  are  of  moderate  size.   3.  The  Finner  Whales  ^xo^^x  {Physalus)^ 

In  all  these  genera  there  is  a  dorsal  adipose  fin,  so  that  they  are 
"Finner  Whales."    The  Bakmopterce  reach  a  gigantic  size,  being  some- 
times as  much  as  eighty  or  one  hundred  feet  in  length.    They  are  veryi 
active  animals,  however,  and  their  whalebone  is  com.paratively  valueless,  i 
so  that  the  whalers  rarely  meddle  with  them,  though  they  are  not  uncomrj 
mon,  and  are  often  driven  ashore  on  our  own  coasts. 

Fain.  2.    Catodontidce. — The  family  of  the  Catodontida  _0l 
Physetei'ida  comprises  the  Sperm  Whales  or  Cachalots,  with 
which  we  commence  the  series  of  the  toothed  Whales  {Odon-^ 
toceti).    They  are  characterised  by  the  fact  that  the  palate  is 
destitute  of  baleen-plates,  and  the  lower  jaw  possesses  a  series 
(about  fifty-four)  of  pointed  conical  teeth,  separated  by  inter- 
vals, and  sunk  in  a  common  alveolar  groove,  which  is  only 
imperfectly  divided  by  septa.    The  upper  jaw  is  also  in  reality  * 
furnished  with  teeth,  but,  with  a  single  partial  exception,  these  Ji 
do  not  cut  the  gum. 

The  best-known  species  of  this  family  is  the  great  Cachalot  or  Sper- 
maceti Whale  {Fhyseter  macrocephalus,  fig.  348).    This  animal  is  of  enor-  • 
mous  size,  averaging  from  fifty  to  seventy  feet  in  length,  but  the  females  > 
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are  a  good  deal  smaller  than  the  males.  The  head  is  disproportion- 
ately large,  as  in  the  Baltznidte,  forming  nearly  one-third  of  the  entire 
length  of  the  body.  The  snout  forms  a  broad  truncated  muzzle,  and  the 
nostrils  are  placed  near  the  front  margin  of  this.    The  Sperm  Whales 


Fig.  348.— Spermaceti  Whale  (^Physeter  viacrocephalus). 


live  together  in  troops  or  "  schools, "  and  they  are  found  in  various  sea.=, 
especially  within  the  tropics.  They  are  largely  sought  after,  chiefly  for 
the  substance  known  as  "spermaceti ;  "  but  besides  this  they  yield  oil  and 
the  singular  body  called  "ambergris."  The  spermaceti  is  a  fatty  sub- 
stance, which  has  the  power  of  concreting  when  exposed  to  the  air,  being 
in  life  a  clear  white  oily  liquid.  It  is  not  only  diffused  through  the  entire 
blubber,  but  is  also  contained  in  special  cavities  of  the  head.  The  sperm- 
oil  yielded  by  the  blubber  is  exceedingly  pure,  and  is  free  from  the  un- 
'  pleasant  odour  of  ordinary  whale-oil.  The  ambergris  is  a  peculiar  sub- 
stance which  is  found  m  masses  in  the  intestine,  and  is  probably  of  the 
nature  of  a  biliary  calculus,  since  it  is  said  to  be  composed  of  a  substance 
very  neai'ly  allied  to  cholesterine.  It  is  used  both  as  a  perfume  itself,  and 
to  mix  with  other  perfumes. 

Fam.  3.  Delphinidce. — This  family  includes  the  Dolphins, 
Porpoises,  and  Narwhal,  and  is  characterised  by  usually  pos- 


Fig.  349- — Side-view  of  the  skull  oi  Delphinns  Uirsio.    (After  Cuvier.) 

sessing  teeth  in  both  jaws :  the  teeth  being  numerous,  and 
conical  in  shape  (fig.  349).  The  nostrils,  as  in  the  last 
family,  are  united,  but  they  are  placed  further  back,  upon  the 
top  of  the  head.  The  single  blow-hole  or  nostril  is  transverse 
and  mostly  crescentic  or  lunate  in  shape.  The  head  is  by  no 
means  so  disproportionately  large  as  in  the  former  families, 
usually  forming  about  one-seventh  of  the  entire  length  of  the 
body. 
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The  .most  noticeable  members  of  this  family  are  the  true 
Dolphins,  the  Porpoises,  and  the  Narwhal. 

The  Dolphins  have  an  elongated  snout,  separated  from  the 
head  by  a  transverse  depression.  The  common  Dolphin  {Del- 
phinus  delpliis,  fig.  350)  is  the  best-known  species.    It  aver- 


i 


Fig.  350. — The  common  Dolphin  {Delphimis  delphis). 

ages  from  six  to  eight  feet  in  length,  and  has  the  habit  ol 
swimming  in  flocks,  often  accompanying  ships  for  many  miles. 
The  female,  like  most  of  the  Cetacea,  is  uniparous.  The 
Dolphin  occurs  commonly  in  all  European  seas,  and  is  espe- 
cially abundant  in  the  Mediterranean. 

The  common  Porpoise  {Phocana  communis)  is  the  commonest  ai 
smallest  of  all  the  Cetacea,  rarely  exceeding  four  feet  in  length.    The  head 
Is  blunt,  and  is  not  produced  into  a  projecting  muzzle.     The  Porpoise 
frequents  the  North  Sea,  and  is  commonly  seen  off  our  coasts.  Another 
British  species  is  the  Grampus  {Phoccena  orca),  but  this  is  much  larger, 
attaining  a  length  of  from  eighteen  to  twenty  feet.    Nearly  allied  to  the  . 
Grampus  is  the  so-called  "  Caing  "  Whale,  or,  as  it  is  sometimes  termed,,',: 
the  "Bottle-nosed"  Whale  {Globicephalus  or  Phoccena  globiceps).  This 
species  occurs  not  uncommonly  round  the  Orkney  and  Shetland  Islands, 
and  attains  a  length  of  as  much  as  twenty-four  feet.    It  is  gregarious  in  itei 
habits,  and  is  often  killed  for  the  sake  of  its  oil.  ] 
Closely  allied  to  the  true  Dolphins  are  four  curious  Cetaceans,  belonging- 
to  three  genera,  but  all  inhabiting  fresh  waters.    One  of  these  is  the  Gan- 
getic  Dolphin  {Platanista  Gangdicd),  which  inhabits  the  Ganges,  especially 
near  its  mouth.    This  singular  animal  is  characterised  by  the  great  lengtill 
of  its  slender  muzzle,  and  by  the  small  size  of  the  eyes.    It  attains  the 
length  of  seven  feet,  and  the  blow-hole  is  a  longitudinal  fissure,  and  there- 
fore quite  unlike  that  of  the  typical  Delphinida.    Closely  allied  to  this  is 
the  Platanista  Indi  of  the  Indus.    Another  fresh-water  form  is  the  Inia 
Boliviensis,  which  inhabits  the  rivers  of  Bolivia,  and  is  found  at  a  distance  -] 
of  more  than  two  thousand  miles  from  the  sea.    In  its  essential  characters 
it  differs  little  from  its  marine  brethren,  and  it  attains  a  length  of  from 
seven  (female)  to  fourteen  feet  (male).    The  third  fresh-water  form  is  the 
Orcella  jiitminalis  of  the  Irawaddy. 

The  last  of  the  DelphinidiE  is  the  extraordinary  Narwhal  or  Sea-unicorn 
{Monodon  monocej-os).  The  Narwhal  is  an  inhabitant  of  the  Arctic  seas, 
and  attains  a  length  of  as  much  as  fifteen  feet,  counting  in  the  body  alone. 
The  dentition,  however,  is  -what  constitutes  the  great  peculiarity  of  the 
Narwhal.    The  lower  jaw  is  altogether  destitute  of  teeth,  and  the  upper 
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jaw  in  the  females  also  exhibits  no  teeth  externally,  as  a  general  rule  at  any 
rate,  though  there  are  two  rudimentary  canines  (often  looked  upon  as  in- 
cisors) which  do  not  cut  the  gum.  In  the  males,  the  lower  jaw  is  likewise 
edentulous,  but  the  upper  jaw  is  furnished  with  two  molar  teeth  concealed 
in  the  gum,  and  with  two  canines.  Of  these  two  upper  canines,  that  of 
the  right  side  is  generally  rudimentary,  and  is  concealed  from  view.  The 
left  upper  canine,  on  the  other  hand,  is  developed  from  a  permanent  pulp, 
and  grows  to  an  enormous  size,  continuing  to  increase  in  length  through- 
out the  life  of  the  animal.  It  forms  a  tusk  of  from  eight  to  ten  feet  in 
length,  and  it  has  its  entire  surface  spirally  twisted.  As  an  abnormality, 
both  the  upper  canines  may  be  developed  in  this  way  so  as  to  form  pro- 
jecting tusks  ;  and  it  is  stated  that  the  tusk  is  occasionally  present  in  the 
female.    The  function  of  this  extraordinary  tooth  is  doubtless  offensive. 

Fain.  4.  Rhynchoceti. — This  family  is  allied  to  the  Cachalots 
or  Sperm  Whales,  and  includes  the  so-called  "  Ziphioid  Whales." 
They  are  distinguished  by  the  possession  of  a  pointed  snout 
(the  "beak"  or  "rostrum"),  single  blow -hole,  small  dorsal 
fin,  and  dentition.  The  upper  jaw  is  greatly  extended  and  is 
edentulous,  any  teeth  which  may  be  present  not  cutting  the 
gum.  The  lower  jaw,  on  the  other  hand,  possesses  usually  a 
single  pair  of  teeth,  sometimes  two  pairs,  Avhich  are  sometimes 
tusk-like,  but  which  in  other  cases  are  concealed  by  the  gum, 
and  are  always  most  conspicuous  in  the  males. 

The  rostrum  of  these  Cetaceans  is  of  great  density,  and  has 
often  been  preserved  in  a  fossil  state,  usually  presenting  itself 
as  a  bony  cylinder  or  elongated  cone,  generally  more  or  less 
water-worn.  The  most  important  living  genera  are  HyperoodoJi 
and  Ziphhts,  of  which  the  former  is  found  in  the  North  Atlantic, 
and  the  latter  in  the  Mediterranean  and  South  Atlantic.  The 
genera  Berardius  and  Mesoplodoii  belong  to  the  New  Zealand 
province. 

Fam.  5.  Zeuglodontida. — The  members  of  this  family  differ 
from  all  existing  Odontoceti  in  the  possession  of  molar  teeth 
implanted  by  two  distinct  fangs.  Incisor  teeth  are  likewise 
present,  and  the  animal  is  diphyodont.  The  Zeuglodonts  are 
entirely  extinct,  and  they  are  exclusively  confined  to  the 
Eocene,  Miocene,  and  Pliocene  periods.  The  chief  genera 
are  Zeiiglodon  and  Sqiialodon. 

Zeiiglodon  (fig.  351)  is  distinguished  by  its  elongated  snout, 
conical  incisors,  and  molar  teeth  with  triangular  serrated 
crowns,  implanted  in  the  jaw  by  two  roots.  Each  molar  looks 
as  if  it  were  composed  of  two  separate  teeth  united  on  one 
side  by  their  crowns  ;  and  it  is  this  peculiarity  which  is  ex- 
pressed by  the  generic  name.  The  species  of  Zeiiglodon  are 
Eocene  and  Miocene.  The  species  oi  Squalodon  are  Miocene 
and  Pliocene. 

As  regards  the  distribution  of  the  Cdacea  in  ti7ne^  no  mem- 
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Fig.  2iS'^.—Ze7iglodon  cetoides.    A,  Molar  tooth,  natural  size  ;  B,  Vertebra,  reduced 

From  the  Middle  Eocene  of  North  America.    (After  Lyell.)  | 

the  Eocene  to  the  Phocene,  Zeuglodon  itself  being  the  oldest 
Cetacean  at  present  known.  The  ZiiDliioid  Whales  begin  in 
the  Pliocene,  as  do  the  CatodontidcB ;  but  the  Dephinidce  are 
known  to  occur  in  the  Miocene.  The  BalcBuidce  are  not 
known  to  have  existed  earlier  than  the  Pliocene. 


CHAPTER  LXXIII. 
UNGULATA. 

Order  VI.  Ungulata.  —  The  order  of  the  Ungulata,  or 
Hoofed  Quadrupeds,  is  one  of  the  largest  and  most  important 
of  all  the  divisions  of  the  Alaminalia.  It  comprises  three 
entire  old  orders  —  namely,  the  Pachydermata,  Solidwigula, 
and  Rjiininantia. 

The  first  of  these  old  divisions — that  of  the  Pachydermata — 
included  the  Elephants,  Rhinoceros,  Hippopotamus,  Tapirs, 
and  the  Pigs,  all  characterised,  as  the  name  implies,  by  their 
thick  integuments.  The  name  is  still  used  to  express  this  fact, 
though  the  order  is  now  abandoned,  and  is  merged  with  that 
of  the  Ungulata;  the  Elephants  alone  being  removed  to  a 
separate  order  under  the  name  of  Proboscidea. 

The  second  old  order— that  of  Solidwigula  or  SoHpedes 
— included  the  Horse,  Zebra,  and  Ass,  all  characterised  by  the 
fact  that  the  foot  terminates  in  a  single  toe,  encased  in  an 
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expanded  hoof.  The  name  Solidimgula  is  still  retained  for 
these  animals,  as  a  section  of  the  Ungulata. 

The  third  old  order — that  of  the  Rimiinantia — includes  all 
those  animals,  such  as  Oxen,  Sheep,  Goats,  Camels,  Giraffes, 
Deer,  and  others,  which  chew  the  cud  or  "ruminate,"  and 
have  two  functional  toes  to  each  foot,  encased  in  hoofs.  The 
name  Ruminaiitia  is  still  retained  for  these  animals,  as  consti- 
tuting a  most  natural  group  of  the  U?igulata. 

All  these  various  animals,  then,  are  now  grouped  together 
into  the  single  order  of  the  U/igulata,  or  Hoofed  Quadrupeds, 
and  the  following  are  the  characters  of  the  order  : — 

All  the  four  limbs  are  present,  and  that  portioii  of  the  toe  which 
touches  the  gromid  is  always  encased  in  a  greatly-expanded  Jiail, 
const  it  uti/ig  a  "  hoof"  There  are  never  more  than  four  full-sized 
toes  to  each  limb.  Owing  to  the  encasenwit  of  the  toes  in  hoofs, 
the  limbs  are  tiseless  for  prehension,  and  only  subserve  locomotion; 
hence  clavicles  are  ahvays  wanting  in  the  entire  order.  There 
are  always  two  sets  of  enamelled  teeth,  so  that  the  animal  is 
diphyodont.  The  molar  teeth  are  massive  and  have  broad  crowns, 
adapted  for  grinding  vegetable  substances. 

The  order  Ungulata  is  divided  into  two  primary  sections: — 
the  Perissodactyla,  in  which  the  toes  or  hoofs  are  odd  in  num- 
ber (one  or  three),  and  the  Artiodactyla,  in  which  the  toes  are 
even  in  number  (two  or  four). 

Section  A.  Perissodactyla. — The  section  of  the  Perisso- 
dactyle  Ungulates  includes  the  Rhinoceros,  the  Tapirs,  the 
Horse  and  its  allies,  and  some  extinct  forms,  all  agreeing  in 
the  following  characters  : — 

The  hind-feet  are  odd-toed  i7i  all  (fig.  352,  B),  atid  the  forefeet 
in  all  except  the  Tapirs  and  B^'ontotheridce.  The  doj'so-lumbar 
vertebrce  are  never  less  than  twenty-two  in  number.  The  femur 
has  a  third  trochanter.  The  horns,  if  present,  are  not  paired 
{except  in  the  extitict  genus  Diceratheriuni).  Usually  there  is 
Ofily  one  horn,  but  if  there  are  two,  these  are  placed  in  the  middle 
line  of  the  head,  one  behind  the  other  (fig.  354).  In  neither  case 
are  the  horns  ever  supported  by  bony  horn-co?'es.  The  stomach  is 
simple,  ajid  is  not  divided  into  several  compartments  ;  and  there 
is  a  large  and  capacious  ccecum. 

The  three  existing  groups  of  Perissodactyle  Ungulates — 
namely,  the  Horses,  Tapirs,  and  Rhinoceroses — are  widely 
removed  from  one  another  in  many  important  characters; 
but  the  intervals  between  them  are  largely  filled  up  by  an 
extensive  series  of  fossil  forms,  commencing  in  the  Lower 
Tertiary  strata. 

Fam.  1.  Rhinoceridce. — This  family  comprises  only  a  single 


664 


MANUAL  OF  ZOOLOGY. 


living  genus,  the  genus  Rhinoceros,  unless,  indeed,  the  little 
Hyrax  is  to  be  retained  in  this  order.    The  Rhinoceroses  are 


Fig.  352.— Feet  of  Ungulata.  A,  Fore-foot  of  Tapir  (Tapirus  Malayanus) ;  B,  Perisso- 
dactyle  fore -foot  of  Rhinoceros  Siiinatreiisis ;  C,  Artiodactyle  foot  of  Pig  (Sus 
scrofa).  The  figures  indicate  which  of  the  normal  five  digits  are  present  in  each  foot. 
(After  Flower.) 


extremely  large  and  bulky  brutes,  having  a  very  thick  skin,  which 
is  usually  thrown  into  deep  folds.     The  muzzle  is  rounded 

and  blunt,  and  there  are  ^ — ^  molars,  with  tuberculate  crowns. 

7—7 

There  are  no  canines,  but  there  are  usually  incisor  teeth  in 
both  jaws.  The  skull  (fig.  353)  is  pyramidal,  and  the  nasal 
bones  are  enormously  developed.  The  feet  (fig.  352,  B)  are 
furnished  with  three  toes  each,  encased  in  hoofs.  The  nasal  i 
bones  usually  support  one  or  two  horns,  which  are  not  paired 
in  any  living  form.  The  horn  is  composed  of  longitudinal 
fibres,  which  are  agglutinated  together,  and  are  of  the  nature 
of  epidermic  growths,  somewhat  analogous  to  hairs.  When 
two  horns  are  present,  the  hinder  one  is  carried  by  the  frontal 
bones,  and  is  placed  in  the  middle  line  of  the  head  behind  the 
anterior  horn.  The  posterior  horn  is  usually  much  shorter 
than  the  anterior  one;  and  if  not,  it  differs  in  shape. 

In  the  extinct  genus  Diceratheriiim  of  Marsh,  from  the 
Miocene  of  Oregon,  there  are  two  horns  placed  transversely 
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and  symmetricallv  upon  the  nasal  bones.  This  singular  form 
further  differs  from  the  typical  Rhinoceroses  in  having  four 
toes  to  the  fore-feet,  whilst  the  hind-feet  have  only  three. 


F'g-  353- — A,  Side-view  of  the  sliull  of  Tapirns  Americanus  ;  B,  Side-view  of  the 
skull  oi  Rhinoceros  biconiis.    (After  Giebel.) 

The  Rhinoceroses  live  in  marshy  places,  and  subsist  chiefly 
on  the  foliage  of  trees.  They  are  exclusively  confined  at  the 
present  day  to  the  warmer  parts  of  the  Old  World ;  but  several 
extinct  species  formerly  ranged  over  the  greater  part  of  Europe. 
Of  the  one-horned  species,  of  which  there  are  three,  the  best 
known  is  the  Indian  Rhinoceros  i^R.  Indiais  or  imicornis), 
which  was  probably  the  "  Unicorn  "  of  the  ancients.  Another 
species  with  one  horn  {R.  Sojidaims)  inhabits  Java,  Sumatra, 
and  Borneo.  Of  the  two -horned  species,  one  {R.  Stinia- 
trensis)  is  found  in  Sumatra  and  the  Malay  Peninsula,  and  is 
remarkable  for  the  comparative  absence  of  cutaneous  folds. 
The  best  known,  however,  is  the  African  Rhinoceros  {R. 
bicornis)  which  occurs  abundantly  in  Cape  Colony  and  in  the 
southern  parts  of  the  African  continent  (fig.  354).  Another 
African  species  is  the  White  Rhinoceros  {R.  swius),  distin- 
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guished  from  the  preceding  by  its  colour,  the  shortness  of  its 
upper  hp,  and  the  great  length  of  the  anterior  horn;  and  ai 
least  two  other  two-horned  species  occur  in  the  same  country. 


Fig-  354-— Head  of  two-horned  Rhinoceros  {R.  bicomis). 

Fam.  2.  TapiridcB. — The  Tapirs  are  characterised  by  the 
possession  of  a  short  movable  proboscis  or  trunk.  The  skull 
(fig-  353^  A)  is  pyramidal,  like  that  of  the  pigs,  and  the  nasal 
bones  project  over  the  nasal  cavity.  The  skin  is  hairy  and 
very  thick.  The  tail  is  extremely  short.  The  fore-feet  (fig. 
352,  A)  have  four  toes  each,  but  these  are  unsymmetrical  (the 
little  toe  being  smaller  than  the  rest  and  not  touching  the 
ground),  and  the  hind  feet  have  only  three  toes,  all  encased  in 

hoofs.     The  jaws  are  furnished  with  incisor  teeth,  (^— '^), 

3—3 

small  canines,  and  ^ — ^  molars. 

6 — 6 

Several  species  of  Tapirs  are  known,  of  which  the  most 
familiar  is  the  American  Tapir  (Z!  Amei'icanus),  which  in-, 
habits  the  vast  forests  of  South  America.  It  is  a  large  animal, 
something  like  a  pig  in  shape,  but  brownish  black  in  colour, 
and  having  a  mane.  It  is  nocturnal  in  its  habits,  and  is  strictly 
])hytophagous.  The  proboscis  is  employed  in  conveying  the 
food  to  the  mouth,  and  the  nostrils  are  placed  at  its  extremity. 
It  attains  altogether  a  total  length  of  from  five  to  six  feet,  f 
Another  species,  with  longer  hair  {T.  villostis),  inhabits  the 
Andes,  and  a  still  larger  species  {T.  Malay  anus)  is  found  in 
Sumatra,  Borneo,  and  Malacca.  In  this  last,  there  is  no 
mane,  and  the  general  colour  is  black ;  but  the  back,  rump, 
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and  sides  of  the  belly  are  white.  The  Elasniognathus  Bah'dii 
occurs  in  Central  America,  and  one  or  more  species  of  the 
genus  Tapinis  {T.  RouUni  and  T.  leiicogenys)  have  been  dis- 
covered in  the  elevated  regions  of  Ecuador  and  New 
Granada. 

Fam.  3.  Bro7itotheridcB. — We  may  provisionally  place  here 
the  large  fossil  Mammals  from  the  Miocene  of  North  America, 
which  Professor  Marsh  has  described  under  the  name  of  Bron- 
totheridce.    In  these,  the  fore-feet  have  four  nearly  equal  toes, 


Fig.  3SS. — Skull  of  Brontotherinm  ingem.  (After  Marsh.) 


and  the  hind-feet  three,  thus  resembling  the  Tapirs.  The 
skull  is  elongated,  and  a  pair  of  very  large  horn-cores  are 
carried  upon  the  maxillaries  and  the  anchylosed  nasal  bones 
in  both  sexes.    The  dental  formula  in  Brontotherinm  is — 

.2  —  2  I  — I  4—4  o 

2—2       I— i'^    3—3  3—3 

The  incisors  are  small ;  and  the  canines  are  short  and  not 
separated  from  the  prsemolars  by  any  diastema,  these  latter 
being  much  smaller  than  the  molars.  The  neck  was  long,  and 
there  seems  to  have  been  a  long  tail.  The  nose  Avas  probably 
elongated  and  flexible,  but  there  would  not  appear  to  have  been 
a  long  proboscis.  The  BrontoiheridcB  seem  to  be  the  succes- 
sors of  the  Difiocerata  of  the  Eocene.  The  chief  genus  is 
Brontotherinm,  with  which  the  Symborodon  and  Miobasileus  of 
Professor  Cope  are  more  or  less  entirely  synonymous. 

The  genera  Titanotherium,  Megacerops,  and  Diconodon  {Ajii- 
sacodon)  also  belong  to  this  group. 

Fam.  4.  Palaotherida. — This  family  includes  certain  extinct 
Ungulates  from  the  Eocene  and  Miocene  Tertiary.  They  are 
characterised  by  the  possession  of  three  toes  to  all  the  feet,  by 
having  canines,  and  by  the  fact  that  the  lower  molars  have  a 
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doubly  crescentic  form.  The  canines  are  longer  than  the  other 
teeth,  and  the  dental  formula  is — 

•  3—3  .1—1     .    4—4  3—3 

t  - — - ;  c  !  pm  :  jn   =  44, 

3—3       I— i'^    4—4'      3—3  ^ 

The  chief  genus  in  this  family  is  Palceothcriicvi  itself.  Several 
species  of  this  genus  are  known,  varying  in  size  from  a  sheep 


Fig.  356.— Grinding  surface  of  the  molar  teeth  of  the  upper  jaw  oi Palaot/ieriiun 

crassum.    (After  Owen.) 

up  to  a  horse.  From  the  size  and  form  of  the  nasal  bones  it 
is  deduced,  with  great  probability,  that  the  Palceotherlda  pos- 
sessed a  short  movable  proboscis  or  trunk. 

The  curious  genus  Macraiichenia,  from  the  Post-Tertiary 
deposits  of  South  America,  may  perhaps  be  placed  here,  since 
all  the  feet  are  three-toed.  The  dental  formula  is  as  in  Falceo- 
theriujH,  except  that  there  is  an  additional  prsemolar  in  the 
upper  jaw  on  each  side.  The  cervical  vertebra  of  Maami- 
chenia  are,  however,  exceedingly  like  to  those  of  the  Cainelida, 
so  that  the  genus  is  a  transitional  one. 

Fain.  5.  Solidiiiigula  or  EqtcidcB. — This  family  comprises  the 
Horses,  Asses,  and  Zebras,  characterised  by  the  fact  that,  the 
feet,  in  living  forms,  have  only  a  single  perfect  toe  each, 
enclosed  in  a  single  broad  hoof,  without  supplementary  hoofs 
(fig,  357,  D).  There  is  a  discontinuous  series  of  teeth  in  each 
jaw  ;  and  in  the  males,  canines  are  present,  but  these  are  want- 
ing in  the  females.    The  dental  formula  is — 


3—3  .  .  I— I  .  3—3  .  _  3—3 
3—3 


i  ^ ;  c  !  pm  ^ — ■  in  =  40, 

'    -       I  — I  '  ^    3—3 '  3—3 


The  skin  is  covered  with  hair,  and  the  neck  is  furnished  with 
a  mane. 

The  family  Equidce  is  divided  by  Dr  Gray  into  two  sections 
or  genera  :  Equus,  comprising  the  Horse  ;  and  Asinus,  com- 
prising the  Asses  and  Zebras.  Many  authorities,  however,  place 
all  the  existing  forms  under  the  single  genus  Equus. 

The  genus  Equus  is  distinguished  by  the  fact  that  the 
animal  is  not  banded,  and  has  no  dorsal  line ;  both  the  fore^ 
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and  hind  legs  have  warts,  and  the  tail  is  hairy  throughout. 
The  genus  appears  to  contain  no  more  than  one  well-marked 


Fig.  357. — Skeleton  of  the  foot  in  various  fonns  belonging  to  the  family  of  ih&  Egiiidce : 
A,  P'oot  of  OrohippHS,  Eocene  ;  B,  Foot  of  A  nchitherium,  Upper  Eocene  and 
Lower  Miocene  ;  C,  Foot  of  Hippat-ion,  Upper  Miocene  and  Pliocene  ;  D,  Foot  of 
Horse  {Eqmts),  Pliocene  and  Recent.  The  numerals  indicate  the  numbers  of  the 
digits  in  the  typical  five-fingered  hand  of  Mammals.    (After  Marsh.) 


species,  if  the  Asses  be  excluded,  and  as  far  as  living  forms  are 
concerned  —  namely,  the  Eqims  caballus.  From  this  single 
species  appear  to  have  descended  all  the  innumerable  varieties 
of  horses  which  are  employed  by  man.  The  native  country 
of  the  horse  appears  to  have  been  Central  Asia,  but  all  the 
known  wild  individuals  of  the  present  day  appear  to  be  de- 
scendants of  domestic  breeds. 

The  Ass  {Eqitus  asinus)  is  characterised  by  the  fact  that 
there  is  always  a  distinct  dorsal  line,  and  the  body  is  more 
■or  less  banded ;  the  fore-legs  alone  have  warts,  and  the  tail 
has  a  tuft  of  long  hair  at  its  extremity.  The  Ass  is  probably  a 
native  either  of  Northern  Africa  or  of  South-Avestern  Asia,  and 
it  has  been  supposed  to  be  the  descendant  either  of  the  "  Djig- 
getai"  {Egmis hemionus),  or  the  "Onager"  {Equics  onager^,  both 
wild  existing  species.  According  to  Lenormant,  the  Ass  was 
domesticated  in  Egypt  at  the  very  earliest  periods  of  its  his- 
tory, long  before  the  introduction  of  the  Horse ;  and  it  may, 
therefore,  be  the  descendant  of  a  wild  African  form.  The 
striped  and  banded  asses  are  known  as  Zebras  and  Quaggas, 
and  are  distributed  over  the  greater  part  of  Africa.  Several 
genera  {Anchitheriiim,  Hippario7i,  Orohippus,  Miohippus,  Plid- 
hippiis,  &c.)  have  been  founded  upon  the  remains  of  fossil 
EqiiidcB.  Many  of  these  are  of  special  interest,  as  showing 
an  almost  perfect  series  of  gradations  between  a  foot  with 
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three  complete  toes  and  a  foot  with  only  one  complete  digit. 
Some  of  them  also  exhibit  other  curious  transitional  characters. 

Orohippiis  is  the  oldest  known  Equine  genus,  and  comprises  small 
mammals  about  as  big  as  foxes,  with  the  fore-feet  four-toed  (fig.  357,  A), 
and  the  hind-feet  three-toed.  In  the  fore-foot,  the  hallux  alone  is  wanting^ 
but  the  middle  toe  is  much  the  largest.  The  genus  is  from  the  Eocene  of 
North  America. 

In  the  Miocene  Tertiary  occur  the  genera  Anchitheriutn,  Miohippus, 
and  Mcsohippiis,  all  of  which  have  three  toes  to  both  feet.  Mcsohippus 
has  an  additional  "splint-bone"  (rudimentary  metacarpal  or  metatarsal) 
representing  a  fourth  toe.  Miohippiis,  about  as  big  as  a  sheep,  has  the 
three  toes  sub-equal,  and  all  touching  the  ground.  Anchithcnui7i  (fig. 
357,  B)  has  the  middle  toe  much  the  largest,  though  the  lateral  toes  still 
reach  the  ground. 

In  the  later  Miocene  and  earlier  Pliocene  we  find  the  genus  Hipparion, 
in  which  the  foot  is  still  three-toed  (fig.  357,  C)  ;  but  the  middle  toe  is 
alone  functionally  useful,  the  two  lateral  toes,  though  appearing  externally, 
not  being  long  enough  to  touch  the  ground. 

In  the  later  Pliocene  we  meet  with  the  genus  Pliohippus,  in  which  the 
foot  is  precisely  that  oi  Eqinis,  with  the  lateral  toes  reduced  to  splint-bones 
(fig.  357,  D),  but  there  is  an  additional  preemolar,  and  an  "antorbital  fossa" 
is  present.    Lastly,  in  the  Post- Pliocene  appears  the  genus  Eqinis  itself. 

Section  B.  Artiodactyla. — In  this  section  of  the  Ungu- 
lates the  number  of  the  toes  is  even — either'  two  or  fou7- — and  the 
third  toe  on  each  foot  fori?is  a  symmetrical  pair  with  the  foinih 
(fig.  352,  C).    The  dorso-lumbar  vertebrce  are  nineteeji  in  num- 
ber, and  there  is  no  third  trochanter  on  the  femur.   If  true  horns 
are  present,  these  are  always  in  pairs,  aiid  are  supp07'ted  by  bony 
horn-cores.    The  a7itlers  of  the  Deer  are  also  paired,  but  they  are 
not  to  be  regarded  as  true  horns.    The  stomach  is  ahvays  more  or 
less  complex,  or  is  divided  into  separate  compartments,  and  the  ccecum 
is  comparatively  small  and  simple.  By  Kowalewsky  the  Artiodac- 
tyla, recent  and  extinct,  are  divided  into  two  great  groups  or 
sections,  in  accordance  with  the  nature  of  the  teeth.    In  th 
one  section  {Sele7iodo?ita)  the  teeth  are  crescentic,  as  in  th 
living  Ruminants  and  the  extinct  AnoplotheridcR.    In  the  sec 
ond  group  ifBunodontci)  are  the  living  Hippopotamidoe  and  Suida, 
in  which  the  teeth  have  tuberculated  crowns. 

The  section  Artiodactyla  comprises  the  Hippopotamus,  the^. 
Pigs,  and  the  whole  group  of  the  Ruminants,  including  Oxen, 
Sheep,  Goats,  Antelopes,  Camels,  Llamas,  Giraffes,  Deer,  &c. 
Besides  these  there  is  an  extensive  series  of  fossil  forms  com- 
mencing in  the  Eocene  or  Lower  Tertiary  period,  and  in  many ' 
respects  filling  up  the  gaps  between  the  living  forms. 
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OMNIVORA. 

I.  Hippopotamid(E.  —  'l\i\^  group  contains  only  the  single 
genus  Hippopotamus,  characterised  by  the  massive  heavy  body, 


Fig.  358.— Skull  of  Hippopotarnns  amphibhis,  side  view.    (After  Giebel.) 

the  short  blunt  muzzle,  the  large  head,  and  the  presence  of 
teeth  of  three  kinds  in  both  jaws  (fig.  358).    The  incisors  are 

the  canines  extremely  large,  and  the  molars  — 

2—2  ^  I— I  7—7 

or  with  crowns  adapted  for  grinding  vegetable  sub- 

6 — 6 

stances.  The  upper  canines  are  comparatively  short,  but  the 
lower  canines  are  in  the  form  of  enormous  tusks,  with  a  chisel- 
shaped  edge.  The  feet  are  massive,  and  are  terminated  by 
four  hoofed  toes  each.  The  eyes  and  ears  are  small,  and  the 
skin  is  extremely  thick,  and  is  furnished  with  few  hairs.  The 
tail  is  very  short. 

Several  extinct  species  of  Hippopotamus  are  known ;  but 
there  is  only  one  familiar  living  form,  the  Hippopotamus 
amphibius  or  River-horse,  and  this  is  confined  to  the  African 
continent.  It  is  an  enormously  bulky  and  unwieldy  animal, 
reaching  a  length  of  eleven  or  twelve  feet.  It  is  nocturnal  in 
its  habits,  living  upon  grass,  the  foliage  of  trees,  and  herbs,  and 
it  swims  and  dives  with  great  facihty.  It  is  found  in  tolerable 
abundance  in  the  rivers  of  Abyssinia,  and  occurs  plentifully"  in 
South  Africa.  A  much  smaller  form  (the  so-called  Hippopo- 
tamus or  Charopsis  Libeiiensis)  occurs  on  the  west  coast  of 
Africa,  but  it  is  exceedingly  rare,  and  comparatively  little  is 
known  about  it.  It  possesses,  however,  only  two  lower  incisors 
instead  of  four. 
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2.  Suida. — The  group  of  the  Smda,  comprising  the  Pigs, 
Hogs,  and  Peccaries,  is  very  closely  allied  to  the  preceding  ■ 
but  the  feet  (fig.  352)  have  only  two  functional  toes,  the  other 
two  toes  being  much  shorter,  and  hardly  touching  the  ground. 
All  the  three  kinds  of  teeth  are  present,  but  they  vary  a  good 
deal.    The  canines  (fig.  359)  always  are  very  large,  and  in 


Fig-  359- — Skull  of  the  Wild  Boar  {Sns  scrofa  fertis).    (After  Gray.) 


the  males  they  usually  constitute  formidable  tusks  projecting 
from  the  sides  of  the  mouth.  The  incisors  are  variable,  but 
the  lower  ones  are  always  inclined  forwards.     The  molars 

vary  from  three  to  seven  on  each  side  of  the  mouth  (^ — ^  or 

3—3 

^ — ^)  and  have  tuberculate  crowns.  The  stomach  is  mostly 
7—7 

slightly  divided,  and  is  not  nearly  so  complex  as  in  the 
Ruminants.  The  snout  is  truncated  and  cylindrical,  fitted 
for  turning  up  the  ground,  and  is  capable  of  considerable 
movement.  The  skin  is  more  or  less  abundantly  covere ' 
with  hair,  and  the  tail  is  very  short,  or  represented  only  by 
tubercle. 

Of  the  true  Swine,  the  best  known  and  most  important  i 
the  Wild  Boar  {Sus  scrofa),  from  which  it  is  probable  that 
most  of  our  domestic  varieties  of  swine  have  sprung.  The 
Wild  Boar  formerly  inhabited  this  country,  and  is  still  abun- 
dant in  many  of  the  forests  of  Europe.  It  is  often  hunted, 
and  the  size  and  sharpness  of  its  canines  render  it  a  tolerably 
formidable  adversary,  as  is  also  its  congener,  the  Indian  Hog 
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(Sus  Indicus).  Another  curious  form,  closely  .related  to  the 
Wild  Boar,  is  the  Babyroussa  {Babinisa),  which  inhabits  the 
islands  of  Celebes  and  Borneo  in  the  Melanesian  province.  It 
is  remarkable  for  the  great  size  and  backward  curvature  of  the 
upper  canines.  The  upper  canines  pierce  the  upper  lip  in  the 
males,  and  their  alveoli  are  directed  upwards.  The  legs  are 
very  long  and  slender;  hence  the  name  "Hog-deer"  some- 
times applied  to  it. 

The  African  Wart-hogs,  forming  the  genus  PhacochcE7-us,  are 
distinguished  by  having  a  fleshy  wart  under  each  eye.  They 
inhabit  Abyssinia,  the  Guinea  coast,  and  other  parts  of  Africa. 
The  American  Peccaries  {Dicotyles)  represent  the  swine  of 
the  Old  World.  They  are  singular  for  having  only  three  toes 
on  the  hind-foot,  the  outer  of  the  two  supplemental  hoofs  being 
wanting.  The  canines  are  not  exserted,  there  are  only  four 
upper  incisors,  and  there  is  no  tail.  They  are  exclusively 
confined  to  the  American  continent,  extending  from  Paraguay 
as  far  north  as  Texas  and  Arkansas,  and  the  commonest 
species  is  the  Collared  Peccary  {Dicotyles  torquatus).  They 
are  not  at  all  unlike  small  pigs  either  in  their  appearance  or 
in  their  habits,  and  they  are  gregarious,  generally  occurring  in 
small  flocks. 

3.  Anoplotherid(B. — This  group  comprises  extinct  Artio- 
dactyles  which  belong  to  the  Eocene  and  Miocene  periods, 
and  form  a  kind  of  transition  between  the  Swine  and  the 
Ruminants.     In  Anoplotherium  itself  (fig.  360)  the  body  is 


Y\g'ieo.—Anoploi/ieriitmcom77iime.    Eocene  Tertiary,  France.    (After  Cuvier.) 


slender,  provided  with  a  long  tail,  and  having  the  feet  termi- 
nated by  two  toes  each,  sometimes  with  small  accessory  hoofs 
in  addition.  The  dentition  is  remarkable  in  the  fact  that  no 
,'ap  or  diastema  exists  between  the  molars  and  the  canines, 
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the  teeth  thus  forming  an  even  and  uninterrupted  series.  The 
dental  formula  is  — 

3-3      1—1''     4-4  3-3 

RUMINANTIA. 

The  last  section  of  the  Artiodadyk  Ungulates  is  the  great 
and  natural  group  of  the  Ruminantia,  or  Ruminant  animals. 
This  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
Deer,  Camels,  &c.,  and  is  distinguished  by  the  following  char- 
acters : —  .i 

The  foot  is  what  is  called  "  cloven,"  consisting  of  a  symmet-  \ 
rical  pair  of  toes  encased  in  hoofs  and  looking  as  if  produced  ' 
by  the  splitting  into  two  equal  parts  of  a  single  hoof.    In  ad- 
dition to  these  functional  toes,  there  are  mostly  two  smaller 
supplementary  hoofs,  placed  at  the  back  of  the  foot.     The  • 
metacarpal  bones  of  the  two  functional  toes  of  the  fore-limb,  J 
and  the  metatarsal  bones  of  the  same  toes  of  the  hind-limb,  | 
coalesce  to  form  a  single  bone,  known  as  the  "  canon-bone." 
The  stomach  is  complex,  and  is  divided  into  several  compart- 
ments, this  being  in  accordance  with  their  mode  of  eating. 
They  all,  namely,  ruminate  or  "chew  the  cud" — that  is  to  say,  • 
they  first  swallow  their  food  in  an  unmasticated  or  partially- 1 
masticated  condition,  and  then  bring  it  up  again,  after  a  longer 
or  shorter  time,  in  order  to  chew  it  thoroughly. 

This  process  of  rumination  is  so  characteristic  of  this  group, 
that  it  will  be  necessary  to  describe  the  structure  of  the  stoni-|[^ 
ach,  as  showing  the  mechanism  by  which  this  singular  process 
is  effected.  The  stomach  (fig.  361)  is  divided  into  four  (rarely 
three)  compartments,  which  are  usually  so  distinct  from  one 
another  that  they  have  generally  been  spoken  of  as  so  many 
separate  stomachs.  The  gullet  opens  at  a  point  situated  be- 
tween the  first  and  second  of  these  cavities  or  "stomachs." 
Of  these  the  largest  lies  on  the  left  side,  and  is  called  the  "  ru-f 
men  "  or  "  paunch  "  (fig.  361,  r).  This  is  a  cavity  of  very  large 
capacity,  having  its  interior  furnished  with  numerous  hard 
papillae  or  warts.  It  is  the  chamber  into  which  the  food  is 
first  received  when  it  is  swallowed,  and  here  it  is  moistened 
and  allowed  to  soak  for  some  time.  The  second  stomach) 
placed  to  the  right  of  the  paunch,  is  much  smaller,  and  is 
known  as  the  "reticulum"  or  "honeycomb -bag"  (/;).  Its 
inner  surface  is  reticulated,  or  is  divided  by  ridges  into 
number  of  hexagonal  or  many-sided  cells,  somewhat  resem- 
bling the  cells  of  a  honeycomb.    The  reticulum  is  small  and 
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globular,  and  it  receives  the  food  after  it  has  lain  a  sufficient 
time  in  the  paunch.   The  function  of  the  reticulum,  as  usually 


a 


Fig.  361.— Stomach  of  a  Sheep  :  o  Gullet;  r  Rumen  or  Paunch  ;  h  Honeycomb-bag  or 
Reticulum;  p  Manyplies  or  Psalterium ;  a  Fourth  Stomach  or  Abomasieiu. 

believed,  is  to  compress  the  partially-masticated  food  into 
little  balls  or  pellets,  which  are  then  returned  to  the  mouth  by 
a  reversed  action  of  the  muscles  of  the  oesophagus ;  but  this 
is  now  discredited.  After  having  been  thoroughly  chewed  and 
prepared  for  digestion,  the  food  is  swallowed  for  the  second 
time.  On  this  occasion,  however,  the  triturated  food  passes 
on  into  the  third  cavity  (/),  which  is  variously  known  as  the 
"  psalterium,"  "  omasum,"  or  [Scottice)  the  "  manyplies."  The 
vernacular  and  the  first  of  these  technical  names  both  refer  to 
the  fact  that  the  inner  lining  of  this  cavity  is  thrown  into  a 
number  of  longitudinal  folds,  which  are  so  close  as  to  resemble 
the  leaves  of  a  book.  The  psalterium  opens  by  a  wide  aper- 
ture into  the  fourth  and  last  cavity,  the  "  abomasum  "  (a),  both 
appearing  to  be  divisions  of  the  pyloric  portion  of  the  stomach. 
The  mucous  membrane  of  the  abomasum  is  thrown  into  a  few 
longitudinal  folds,  and  it  secretes  the  true  acid  gastric  juice. 
It  terminates,  of  course,  in  the  commencement  of  the  small 
intestine — i.e.,  the  duodenum.  The  intestinal  canal  of  Rumi- 
nants, as  in  most  animals  which  live  exclusively  upon  a  vege- 
table diet,  is  of  great  relative  length. 

The  dentition  of  the  Ruminants  presents  peculiarities  almost 
as  great  and  as  distinctive  as  those  to  be  derived  from  the 
digestive  system.  In  the  typical  Ruminants  {e.g.,  Oxen,  Sheep, 
Antelopes)  there  are  no  incisor  teeth  in  the  upper  jaw,  their 
place  being  taken  by  a  callous  pad  of  hardened  gum,  against 
which  the  lower  incisors  impinge  (fig.  362).  There  are  also, 
no  upper  canine  teeth,  and  the  only  teeth  in  the  upper  jaw 
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are  six  grinders  on  each  side.  In  the  front  of  the  lower  jaw  is 
a  continuous  and  uninterrupted  series  of  eight  teeth,  of  which 


m 

Fig.  362. — Skull  of  a  hornless  Sheep  :  i  Incisors  ;  c  Canines ;  m  Molars 
and  praemolars.    (After  Owen.) 

the  central  six  are  incisors,  and  the  two  outer  ones  are  regarded 
by  Owen  as  being  canines.  Upon  this  view,  canine  teeth,  are 
present  in  the  lower  jaw  of  the  typical  Ruminants,  and  they 
are  only  remarkable  for  being  placed  in  the  same  series  as  the 
incisors,  which  they  altogether  resemble  in  shape,  size,  and 
direction.  Behind  this  continuous  series  of  eight  teeth  in  the 
lower  jaw,  there  is  a  vacant  space,  which  is  followed  behind 
by  six  grinders  on  each  side.  The  praemolars  and  molars  have 
their  grinding-surfaces  marked  with  two  double  crescents,  the 
convexities  of  which  are  turned  inwards  in  the  upper,  and  out- 
wards in  the  lower  teeth. 

The  dental  formula,  then,  for  a  typical  Ruminant  animal,  is 

.0 — o       o — o    ,     X — 3       3 — 3 

I  — —  :  c  ;  pm  - — -  :  m  - — ^  =  32. 

3—3  I— I  3—3  3—3 
The  departures  from  this  typical  formula  occur  in  the  Camelida, 
the  Tragididce,  and  in  some  of  the  Deer.  Most  of  the  Deer 
conform  in  their  dentition  to  the  above  formula,  but  a  few 
forms  («?.^.,  the  Muntjak)  have  canine  teeth  in  the  upper  jaw. 
These  upper  canines,  however,  are  mostly  confined  to  the 
inales ;  and  if  they  occur  in  the  females,  they  are  of  a  small 
size.    The  dentition  of  the  Camelidce  (Camels  and  Llamas)  is 
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still  more  aberrant,  there  being  two  canine-like  upper  incisors 
and  upper  canines  as  Avell.  The  lower  canines  also  are  more 
pointed  and  stand  more  erect  than  the  lower  incisors,  and 
slightly  separated  from  them,  so  that  they  are  easily  recog- 
nisable. The  o-roup  of  the  Ruminantia  includes  the  families 
of  the  Camelid%  (Camels  and  Llamas),  the  Tragulida  (Chevro- 
tains),  the  Cervidce  (Deer),  the  Camelopardalida  (Giraffe),  and 
the  Cavicornia  (Oxen,  Sheep,  Goats,  Antelopes). 

a.  Camelidce  {Tylopoda). — The  Camels  and  Llamas  constitute 
in  many  respects  an  aberrant  group  of  the  Ruminantia,  espe- 
cially as  regards  their  dentition  and  the  conformation  of  the 
feet.     The  upper  jaw  (fig.  363)  carries  three  teeth  on  each 
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Fig.  363. — Side-view  of  skull  of  Camelus  Bactrianns :  i  Upper  incisor ;  c  c  Canines  ; 
pm  Isolated  prsemolar.    (After  Giebel.) 

side  in  front,  separated  by  slight  intervals.  The  most  anterior 
of  these  is  a  conical  incisor ;  the  central  one  is  a  canine,  and 
the  hindmost  is  the  first  prgemolar,  Avhich  is  separated  by  a 
wide  gap  from  the  rest  of  the  molar  series,  and  is  pointed  in 
form.  In  the  lower  jaw  there  is  also  a  canine,  placed  a  little 
behind  the  incisors,  and  a  detached  laniariform  prsemolar  (the 
latter  sometimes  absent).  In  the  Llamas  these  isolated  prge- 
molars  do  not  exist.  Each  foot  terminates  in  two  toes,  which 
are  provided  with  imperfect  nail-like  hoofs,  covering  no  more 
than  the  upper  surface  of  each  toe.  The  two  hinder  toes,  which 
are  mostly  present  in  the  Ruminants,  are  here  altogether  want- 
ing, and  the  animal  walks  upon  the  hinder  surfaces  of  the  toes, 
which  are  directed  downwards,  and  are  protected  by  pads  of 
callous  horny  integument.  As  regards  their  further  charac- 
ters, the  head  of  all  the  Camelidce  is  destitute  of  horns  in  both 
sexes  ;  the  nostrils  can  be  closed  at  the  will  of  the  animal ; 
the  upper  lip  is  hairy  and  partially  cleft ;  and  the  red  blood- 
corpuscles  are  oval. 
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The  fliinily  of  the  CamcUdce  is  represented  in  the  Old  World 
by  the  Camels  ( Camelns),  and  in  South  America  by  the  Llamas 
and  Alpacas  {Auchenia).  There  is  also  an  extensive  series  ot 
Tertiary  forms,  one  of  which  (viz.,  Protolabis)  is  specially  in- 
teresting as  possessing  the  full  number  of  upper  incisors,  namely 
three  on  each  side  of  the  jaw. 

The  true  Camels  are  peculiar  to  Asia  and  Africa,  and  two  species  are 
known,  distinguished  from  one  another  by  the  possession  of  a  double  or 
single  adipose  hump  on  the  back.  The  African  or  Arabian  Camel  {Cainelus 
Dromedarius)  is  often  called  the  Dromedary,  and  has  only  one  hump  on 
its  back.  The  two  toes  are  united  together  by  the  callous  sole  ;  and  the 
chest,  shoulders,  and  knees  are  furnished  with  callous  pads,  upon  which 
they  rest  when  they  lie  down.  The  hump  is  almost  entirely  composed  of 
fat,  and  appears  to  act  as  a  kind  of  reserve  supply  of  food,  as  it  is  noticed 
to  diminish  much  in  size  upon  long  journeys.  The  Camel  can  likewise 
support  a  very  prolonged  privation  of  water,  as  the  paunch  is  furnished 
with  large  cells,  which  the  animal  fills  when  it  has  access  to  water,  and 
then  makes  use  of  subsequently  as  occasion  may  require.  The  structure 
of  the  Camel  adapts  it  admirably  for  locomotion  in  the  sandy  deserts  of 
Arabia  and  Africa ;  and  as  it  is  very  docile  and  good  -  tempered,  it  is 
almost  exclusively  employed  as  a  beast  of  burden  in  the  countries  in  which 
it  occurs. 

The  Bactrian  Camel  (C.  Bactriamis)  is  distinguished  by  the  possession  of 
two  humps ;  but  in  other  respects  it  does  not  differ  from  the  Dromedary. 
It  is  found  in  Turkestan,  Persia,  Mongolia,  and  Thibet.  The  two  species 
are  said  to  breed  together,  and  the  hybrid  offspring  is  stated  to  be  occa- 
sionally fertile.  The  place  of  the  Camels  is  taken  in  the  New  World  by 
the  Llama  and  Alpaca,  with  two  other  nearly-allied  forms.  These  animals 
form  the  genus  Auchenia,  and  are  in  many  respects  similar  to  the  true 
Camels.  They  are  distinguished,  however,  by  having  no  hump  upon  the 
back,  and  by  the  fact  that  the  two  toes  are  not  conjoined  and  supported  by 
a  callous  pad,  as  in  the  Camels,  but  are  separate,  with  separate  pads,  and  with 
strong  curved  nails.  The  neck  is  long  and  the  head  comparatively  small, 
whilst  the  upper  lip  is  mobile  and  deeply  cleft  vertically.  The  Llamas  are 
chiefly  found  in  Peru  and  Chili.  They  live  in  flocks  in  mountainous 
regions,  and  are  much  smaller  than  the  Camels  in  size.  The  true  Llama  is 
kept  as  a  domesticated  animal,  and  used  as  a  beast  of  burden,  its  wild  form 
being  known  as  the  "Guanaco."  The  Alpaca  is  still  smaller  than  the 
Llama,  and  is  not  very  unlike  a  sheep,  having  a  long  woolly  coat.  It  is 
partially  domesticated,  and  the  wool  is  largely  imported  into  Europe.  Its 
wild  form  is  the  so-called  "  Vicuna." 

b.  Tragulidce. — This  group  comprises  certain  small  Rumi- 
nants, the  so-called  "  Chevrotains  "  {Tt-agulus),  which  have  been 
generally  associated  with  the  true  Musk-deer  {Moschus)  in  a 
single  family,  under  the  name  of  Moschidcz.  The  researches 
of  Milne- Edwards  and  Flower,  however,  would  prove  that 
Moschus  itself  is  really  one  of  the  Cervida  or  Deer  proper,  and 
that  the  Chevrotains  form  a  group  by  themselves. 

The  Tragulidce.  are  characterised  by  the  total  absence  of 
horns  in  both  sexes,  and  by  the  presence  of  canines  in  both 
jaws,  those  in  the  upper  jaw  being  in  the  form  of  tusks  in  the 
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males,  but  much  smaller  in  the  females.  The  third  stomach, 
or  "  psalterium,"  is  wanting,  and  the  placenta  is  diffuse.  The 
feet  have  supplementary  toes,  and  the  metacarpals  of  the 
middle  and  ring  digits  either  unite  in  late  life  to  form  a  canon- 
bone,  or  remain  (as  in  Hyomoschus)  permanently  separate. 

The  family  includes  at  the  present  day  only  the  Hyo77ioschus 
of  AVestern  Africa,  and  some  four  or  five  species  of  Tragulus 
from  the  Indian  province.  The  best  known  are  the  Tra- 
gulus Javanicus,  or  ''Napu"  of  Java,  and  the  T.  memnma  of 


Fig.  364.—  Side-view  of  the  skull  of  Tragnhts  Javanicus.    (After  Giebel.) 

India.  They  are  all  very  small  elegant  animals,  and,  though 
commonly  called  "  Musk-deer,"  they  have  no  musk-gland. 

c.  Cej-vidce. — This  family  is  of  much  greater  importance  than 
that  of  the  Tragulidce,  including  as  it  does  all  the  true  Deer. 
They  are  distinguished  from  the  other  Ruminants  chiefly  by 
the  nature  of  the  horns,  which  are  wanting  in  the  genera  Mos- 
chus,  Hydropotes,  and  Lophotragus.  With  the  single'  exception 
of  the  Reindeer,  these  appendages  are  confined  to  the  males 
amongst  the  Cervidce,  and  do  not  occur  in  the  females.  They 
do  not  consist,  as  in  the  succeeding  group,  of  a  hollow  sheath 
of  horn  surrounding  a  central  bony  core,  nor  are  they  perma- 
nently retained  by  the  animal.  On  the  other  hand,  the  horns 
— or,  as  they  are  more  properly  called,  the  antlers — of  the 
Cervidce  are  deciduous,  and  are  solid.  They  are  bony  through- 
out, and  are  usually  more  or  less  branched  (fig.  365),  and  they 
are  annually  shed  and  annually  reproduced  at  the  breeding 
season.  They  increase  in  size  and  in  the  number  of  branches 
every  time  they  are  reproduced,  until  in  the  old  males  they 
may  attain  an  enormous  size.  The  first  time  they  are  pro- 
duced, the  horns  are  in  the  form  of  simple  cylindrical  shafts ; 
the  second  year's  horns  have  one  or  two  "  tynes,"  and  so  on. 
The  antlers  are  carried  upon  the  frontal  bone,  and  are  produced 
by  a  process  not  at  all  unlike  that  by  which  injuries  of  osseous 
structures  are  made  good  in  man.    At  first  the  antlers  are 
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covered  with  a  sensitive  hairy  skin;  but  as  development  pro- 
ceeds, the  vessels  of  the  skin  are  gradually  obliterated,  and 
the  skin  dies  and  peels  off.    In  all  the  Deer  there  is  a  seba- 


F'g-  36s-— Side-view  of  the  skull  of  the  Roebuck  iCa^reolm  cafircea). 

(After  Giebel). 


ceous  gland,  called  the  "lachrymal  sinus,"  or  "  larmier,"  which 
is  placed  beneath  each  eye,  and  secretes  a  strongly-smelling 
waxy  substance. 

The  Cer-vidce  are  very  generally  distributed,  but  no  member 
of  the  group  has  hitherto  been  discovered  in  either  Australia 
or  South  Africa,  their  place  in  the  latter  continent  seeming  to 
be  taken  by  the  nearly-allied  Antelopes  (distinguished  by  their 
hollow  horns).  Africa,  in  fact,  has  no  Deer  except  the  Barbary 
Deer  alone,  and  this  occurs  north  of  the  Sahara  only. 

Very  many  species  of  Cei'vida  are  known,  and  it  is  not  possible  to  allud 
to  more  than  a  few  of  the  more  familiar  and  important  forms.  Three  specie 
occnr  in  Britain — namely,  the  Roebuck,  Red-deer,  and  Fallow-deer,  the 
last  being  a  doubtful  native.  Tlie  Roebuck  {Capreolus  caprcm)  was  once 
very  generally  distributed  over  Britain,  but  is  almost  confined  to  the  wilder 
parts  of  Scotland  at  the  present  day.  It  is  of  small  size,  and  the  horns 
(fig.  365)  are  without  brow-tynes,  and  are  of  small  size,  with  three  terminal 
branches.  The  Red-deer  or  Stag  {Ceintcs  elaplms)  is  a  much  larger  species, 
with  well-developed  spreading  antlers.  The  Red-deer  of  Britain  is  repre- 
sented in  North  America  by  a  still  larger  species,  known  as  the  Wapiti 
(Cei'vus  Canadetisis).  j 

The  third  British  species  is  the  Fallow-deer  {Dama  platyca-os),  characH 
terised  by  the  fact  that  the  antlers  are  palmated — that  is,  dilated  towards; 
their  extremities.     It  is  a  doubtful  native,  and  is  never  found  in  a  wildi 
state  at  the  present  day.    Allied  to  the  Fallow-deer  is  a  gigantic  extinct, 
species,  the  Megaceros  ffiberniacs,  which  inhabited  Ireland,  the  Isle  of  Man, 
Scotland,  and  probably  the  greater  part  of  Europe,  up  to  a  comparatively 
modern  date,  probably  having  survived  into  the  human  period.    It  is  often, 
but  incorrectly,  spoken  of  as"  the  Irish  "Elk,"  but  it  is  really  a  genuine 
Stag.    The  animal  was  of  very  great  size,  and  was  furnished  with  enor? 
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moiis  spreading  and  palmate  antlers,  which  measure  from  ten  to  twelve 
feet  between  the  tips. 

Of  all  the  Deer,  the  largest  living  form  is  the  true  Elk  {Alces  palmatus), 
which  is  generally  distributed  aver  the  northern  parts  of  Europe,  Asia,  and 
America,  being  often  spoken  of  as  the  Moose.  The  antlers  in  the  Elk  are 
of  a  very  large  size,  and  are  very  broad,  terminating  in  a  series  of  points 
along  their  outer  edges. 

The  only  completely  domesticated  member  of  the  Cervidce  is  the  Rein- 
deer {CenjHS  tarandus),  which  is  remarkable  for  the  fact  that  the  female  is 
furnished  with  antlers  similar  to,  but  smaller  than,  those  of  the  males.  At 
the  present  day  the  Reindeer  (if  the  Caribou  be  regarded  as  distinct)  is  exclu- 
sively confined  to  the  extreme  north  of  Europe  and  Asia,  abounding  especially 
in  Lapland.  Remains,  however,  of  the  Reindeer  are  known  to  occur  over 
the  greater  part  of  Europe,  extending  as  far  south,  at  any  rate,  as  the  Alps, 
and'  occurring  also  in  Britain.  From  this  fact,  taken  along  with  many 
others,  the  existence  of  an  extremely  cold  climate  over  the  greater  part  of 
Europe  at  a  comparatively  recent  period  may  be  safely  inferred.  The 
Reindeer  lives  chiefly  upon  moss  and  a  peculiar  kind  of  lichen  {Lichen 
rangifei-ina),  and  they  are  extensively  used  by  the  Laplanders  both  as 
beasts  of  burden  and  as  supplying  food.  The  "  Caribou  "  of  North  Ame- 
rica, if  not  absolutely  identical  with  the  Reindeer,  would  seem  to  be  at 
most  a  well-marked  variety  of  it. 

The  so-called  "Brockets,"  such  as  the  "  Guazu-pita  {Subiilo  riifus)  of 
South  America,  have  simple  horns  in  the  form  of  a  stiletto  ;  whilst  the 
singular  Muntjak  of  Java  has  the  horns  supported  on  long  bony  pedicles 
springing  from  the  frontal  bone ;  and  the  males  have  large  upper  canines. 

The  true  Musk-deer  {Mosclnis  moschiferiis)  possesses  no  horns,  and  the 
males  have  a  musk-gland.  There  are  canine  teeth  in  both  jaws,  and  the 
upper  canines  of  the  males  have  the  form  of  long  tusks.  The  Musk-deer 
are  elegant  little  animals,  which  agree  with  the  typical  Deer  m  the  fact 
that  they  have  spotted  young,  and  that  the  placenta  is  cotyledonary,  whilst 
they  depart  from  the  ordinary  cervine  type  in  the  absence  of  antlers.  They 
inhabit  Central  Asia. 

The  curious  Water-deer  [Hydj-opofes]  of  China  is  related  to  Moschus, 
and  also  has  no  horns.  Another  curious  Chinese  form  is  the  Elaphtirtts, 
in  which  there  is  a  long  tufted  tail,  and  the  antlers,  in  place  of  an  anterior 
basal  branch,  possess  a  long  posterior  branch,  the  end  of  which  is  dilated 
and  prolonged  into  several  short  points. 

d.  Camelopardalidce.- — This  family  includes  only  a  single 
living  animal — the  Camelopardalis  Giraffa,  or  Giraffe — some- 
times called  the  Camelopard,  from  the  fact  that  the  skin  is 
spotted  like  that  of  the  Leopard,  whilst  the  neck  is  long,  and 
gives  it  some  distant  resemblance  to  a  Camel.  There  are  no 
upper  canines  in  the  Giraffe,  and  both  sexes  possess  two  small 
frontal  horns,  which,  however,  are  persistent,  and  remain  per- 
manently covered  by  a  hairy  skin,  terminated  by  a  tuft  of  long 
stiff  bristles.  These  are  not  mere  out-growths  of  the  frontals, 
but  are  independent  ossifications  placed  on  the  sutures  between 
the  frontal  and  parietal  bones.  There  is  also  a  central  horn, 
if  it  may  be  so  called,  which  is  of  the  nature  of  an  epiphysis, 
and  is  placed  upon  the  sagittal  suture.  It  becomes  early  an- 
chylosed  with  the  skull,  as  do  ultimately  the  other  two  horns. 
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The  neck  is  of  extraordinary  length,  but,  nevertheless,  consists 
of  no  more  than  the  normal  seven  cervical  vertebrje.  The  fore- 
legs appear  to  be  much  longer  than  rfhe  hind-legs,  and  all  are 
terminated  by  two  toes  each,  the  supplementary  toes  being 
altogether  wanting.  The  tongue  is  very  long  and  movable, 
and  is  employed  in  stripping  leaves  off  the  trees.  The  Giraffe 
is  the  largest  of  all  the  Ruminants,  measuring  as  much  as  from 
fifteen  to  eighteen  feet  in  height.  It  is  a  harmless  and  inoffen- 
sive animal,  but  defends  itself  very  effectually,  if  attacked,  by 
kicking.  It  is  found  in  Nubia,  Abyssinia,  and  the  Cape  of 
Good  Hope.  I 

Remains  of  gigantic  Ruminants  allied  to  the  Giraffe  have 
been  found  in  France  and  Greece  {Helladotherium) ;  but  the 
Sivatherium,  sometimes  referred  to  this  family,  appears  to  have 
been  more  nearly  allied  to  the  true  Antelopes. 

e.  Cavicornia. — The  last  family  of  the  Ruminants  is  that  of 
the  Cavicornia,  comprising  the  Oxen,  Sheep,  Goats,  and  An- 
telopes.   This  family  includes  the  most  typical  Ruminants, 
and  those  of  most  importance  to  man.    The  upper  jaw  in  all 
the  Cavicornia  is  wholly  destitute  of  incisors  and  canines,  thej 
place  of  which  is  taken  by  the  hardened  gum,  against  which 
the  lower  incisors  bite.  There  are  six  incisors  and  two  canines 
in  the  lower  jaw,  placed  in  a  continuous  series,  and  the  molara 
are  separated  by  a  wide  gap  from  the  canines.    There  are  siJ 
molars  on  each  side  of  each  jaw.    Both  sexes  have  horns,  o 
the  males  only  may  be  horned,  but  in  either  case  these  append 
ages  are  very  different  to  the  "  antlers  "  of  the  Cej-vida.  The 
horns,  namely,  are  persistent,  instead  of  being  deciduous,  and 
each  consists  of  a  bony  process  of  the  frontal  bone — or  "  horn- 
core" — covered  by  a  sheath  of  horn.    In  the  Prong-buck 
[Antilocapra),  however,  the  sheath  of  the  horn  is  shed  annually. 
The  feet  are  cleft,  but  are  mostly  furnished  with  accesso 
hoofs  placed  on  the  back  of  the  foot. 

The  Cavico7'nia  comprise  the  three  families  of  the  Antilopidce^ 
Ovidce,  and  Bovidce.  The  Antelopes  form  an  extremely  larg"_ 
section,  with  very  many  species.  They  are  characterised  b 
their  slender  deer-like  form,  their  long  and  slender  legs,  an 
their  simple  cylindrical  annulated  or  twisted  horns,  which  are 
sometimes  confined  to  the  males,  but  often  occur  in  the  females 
as  well  (fig.  366).  Accessory  hoofs  are  generally,  but  not 
always,  present.  The  Antelopes  must  on  no  account  be  con 
founded  with  the  true  Deer,  to  which  they  present  many  points. 
of  similarity.  The  structure  of  the  horns,  however,  is  quite 
sufficient  to  distinguish  them.  The  Antelopes  are  further  dis- 
tinguished by  rarely  having  a  beard  or  dew-lap,  and  by  thes 
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general  possession  of  "inguinal  pores"  and  "lachrymal  sinuses." 
The  inguinal  pores  are  the  apertures  of  two  involutions  of  the 


Fig.  366. — Head  of  the  Koodoo  {Sirepsiceros  Koodoo). 


integument  of  the  groin,  secreting  a  viscous  substance,  the  use 
of  which  is  unkriown.  The  lachrymal  sinuses,  or  "  tear-pits," 
have  already  been  mentioned  as  occurring  in  the  Cervidce,  and 
are  not  found  in  any  of  the  Cavicornia  except  the  Antelopes. 
Each  consists  of  a  sebaceous  sac  placed  beneath  the  eye,  and 
secreting  a  yellowish  waxy  substance.  The  function  of  these 
glands  is  uncertain,  but  it  is  probably  sexual.  The  Antelopes 
are  especially  numerous,  both  in  individuals  and  in  species,  in 
Africa,  in  which  country  they  appear  to  take  the  place  of  the 
true  Deer  (only  one  species  of  Deer  being  indigenous  to  Africa). 
Amongst  the  better-known  African  species  of  Antelopes  are  the 
Springbok,  Hartebeest,  Gnu,  Eland,  and  Gazelle.  The  only 
European  Antelopes  are  the  Chamois  {Rupicapra  tragus),  which 
inhabits  the  Alps  and  other  mountain-ranges  of  southern  Europe, 
and  the  Saiga  of  eastern  Europe.  Amongst  the  more  remark- 
able Antelopes  may  be  mentioned  the  Prong-buck  {Antilo- 
capra  Americana)  of  N.  America,  in  which  there  are  no  acces- 
sory hoofs,  lachrymal  sinuses,  or  inguinal  pores ;  the  females 
have  very  small  horns,  and  the  horns  of  the  male  have  a  snag 
or  branch  in  front.  The  horn-core,  however,  is  conical,  and 
does  not  extend  above  the  snag.  The  horns  are  also  very  re- 
markable for  the  fact  that  their  sheath  is  annually  shed,  and 
annually  reproduced.  Another  curious  form  is  the  Chickara 
{A.  quadricornis)  of  India,  in  which  the  females  are  hornless, 
but  the  males  have  four  horns. 

The  Sheep  and  Goats  {Ovidce)  have  mostly  horns  in  both 
sexes,  and  the  horns  are  generally  curved,  compressed,  and 


684 


MANUAL  OF  ZOOLOGY. 


turned  more  or  less  backwards.  The  body  is  heavier,  and  the 
legs  shorter  and  stouter,  than  in  the  true  Antelopes.  In  the 
true  Goats  {Capra)  both  sexes  have  horns,  and  there  are  no 
lachrymal  sinuses.  The  throat  is  furnished  with  long  hair, 
forming  a  beard ;  and  this  appendage  is  usually  present  in  both 
sexes,  though  sometimes  in  the  males  only.  The  goats  live 
in  herds,  usually  in  mountainous  and  rugged  districts.  The 
domestic  Goat  [Capra  hircus)  is  generally  believed  to  be  a 
descendant  of  a  species  which  occurs  in  a  wild  state  in  Persia 
and  in  the  Caucasus  (the  "  Paseng,"  or  Capra  cegagrus).  The 
true  Sheep  (Ovis)  are  destitute  of  a  beard,  and  the  horns  are 
generally  twisted  into  a  spiral.  Horns  may  be  present  in 
both  sexes,  or  in  the  males  only.*  Lachrymal  sinuses  are  in- 
variably absent. 

Numerous  varieties  of  the  domestic  sheep  [Ovis  aries)  are  known,  but  it 
is  not  certainly  known  from  what  wild  species  these  were  originally  derived. 
Some,  at  any  rate,  of  the  domesticated  breeds,  more  especially  the  smaller 
short-tailed  breeds,  with  crescent  -  shaped  horns,  appear  to  be  descended 
from  the  wild  species  known  as  the  "  Moufflon,"  which  is  found  in  Corsica 
and  Sardinia.  The  Merino  Sheep  (a  Spanish  breed)  and  the  Thibet  Sheep 
are  particularly  celebrated  for  their  long  and  fine  wool.  With  the  excep- 
tion of  one  species  (the  Big-horn,  Ovis  jnontand),  all  the  Sheep  appear  to 
be  originally  natives  of  the  Old  World.  The  Big-horn,  however,  inhabits 
the  Rocky  Mountains  from  their  termination  in  latitude  68°  to  40°. 

The  true  Oxen  {Bovidce)  are  distinguished  by  having  simply 
rounded  horns,  which  are  not  twisted  in  a  spiral  manner. 
There  are  no  lachrymal  sinuses.  Most  of  the  oxen  admit  of 
being  more  or  less  completely  domesticated,  and  some  of  them 
are  amongst  the  most  useful  of  animals,  both  as  beasts  of 
burden  and  as  supplying  food. 

The  parent  stock  of  our  numerous  breeds  of  cattle  is  not  knowm  with 
absolute  certainty ;  the  nearest  approach  to  British  Wild  Cattle  being  a 
celebrated  breed  which  is  still  preserved  in  one  or  two  places.  These 
' '  Chillingham  Cattle  "  are  a  fine  wild  breed,  which  at  one  time  doubtless 
existed  over  a  considerable  part  of  Britain.    They  are  pure  white,  with  a 
black  muzzle,  the  horns  white,  tipped  with  black.    Though  degenerate  in 
point  of  size,  the  Chillingham  Cattle  are  doubtless  the  descendants  of  the 
"mountain-bull"  or  "  Urus,"  which  existed  in  a  wild  state  in  Gaul  at  the 
time  of  Caesar's  invasion.    The  smaller  breeds  of  European  Cattle  appear 
to  be  descended  from  a  now  extinct  species,  the  "British  Short-horn 
{Bos  longifrons).    Another  large  Ox,  which  formerly  existed  in  Britain, 
and  abounded  over  the  whole  of  Europe,  is  the  Aurochs  or  Lithuanian  1 
Bison  {Bos  bison).     The  Aurochs  is  of  very  large  size,  considerably  • 
exceeding  the  common  Ox  in  bulk.    It  still  occurs  in  the  forests  of  the  i 
Caucasus  in  a  wild  state,  but  it  no  longer  occurs  wild  in  Europe,  if  we 
except  a  herd  maintained  by  the  Czar  in  one  of  the  forests  of  Lithuania.  \. 

*  In  the  Merino  Sheep,  and  in  some  other  breeds  also,  the  males  only 
are  horned. 
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Nearly  allied  to  the  Aurochs  is  the  American  Bison  or  Buffalo  {Bison 
Avu-ncaniis).  This  species  formerly  occurred  in  innumerable  herds  in  the 
prairies  of  North  America,  but  it  has  been  gradually  driven  westwards, 
and  has  been  much  reduced  in  numbers.  It  has  an  enormous  head,  a 
shaggy  mane,  and  a  conical  hump  between  the  shoulders.  Two  other 
very  well  known  forms  are  the  Cape  Buffalo  [Bubahcs  Caffcr)  and  the 
common  Buffalo  [Biibahts  bubalis).  The  former  of  these  occurs,  with  two 
allied  forms,  in  southern  and  eastern  Africa,  and  the  latter  is  domesticated 
in  India  and  in  many  parts  of  the  south  of  Asia.  The  horns  in  both 
species  are  of  large  size,  and  their  bases  are  confluent,  so  that  the  forehead 
is  protected  by  a  bony  plate  of  considerable  thickness. 

Amongst  the  more  remarkable  Asiatic  Oxen  maybe  mentioned  the  Zebu 
{Bos  Indicus)  distinguished  by  the  fatty  hump  over  the  withers  at  the  back 
of  the  neck,  and  the  Yak  {Poephagiis  g7'unnie7is)  of  Thibet,  remarkable  for 
its  long  silky  tail.  The  "  humped  "  Cattle  of  the  East  are  almost  certainly 
descended  from  a  stock  different  to  that  which  has  given  origin  to  the 
humpless  races.  They  are  known  from  Egyptian  monuments  to  have  been 
domesticated  at  an  extremely  early  period  ;  but  their  wild  form  is  un- 
known. 

The  last  of  the  Oxen  which  deserves  notice  is  the  curious  Musk-ox 
{Ovibos  moschattis).  This  singular  animal  is  at  the  present  day  a  native  of 
Arctic  America,  and  is  remarkable  for  the  great  length  of  the  hair.  It  is 
called  the  Musk-ox,  because  it  gives  out  a  musky  odour.  Like  the  Rein- 
deer, the  Musk-ox  had  formerly  a  much  wider  geographical  range  than  it 
has  at  present ;  the  conditions  of  climate  which  are  necessary  for  its 
existence  having  at  that  time  extended  over  a  very  much  larger  area  than 
at  present.  The  Musk-ox,  in  fact,  in  Post-tertiary  times  is  known  to  have 
extended  over  the  greater  part  of  Europe,  remains  of  it  occurring  abun- 
dantly in  certain  of  the  bone-caves  of  France.  Good  authorities  regard 
the  Musk-ox  as  being  a  sheep,  and  therefore  truly  referable  to  the  Ovidce, 

As  regards  the  distribution  of  the  Ungulata  in  time,  the 
order  is  not  known  to  have  commenced  its  existence  earlier 
than  the  Eocene  Tertiary ;  but  it  jDresented  itself  throughout 
the  whole  Tertiary  period  under  such  numerous  and  such 
varied  types  that  it  will  not  be  possible  in  this  place  to  do 
more  than  simply  indicate  the  geological  range  of  the  principal 
families. 

Of  the  RhinoceridcB,  hornless  forms  {Acerotheriuni)  occur  in 
Miocene  and  Pliocene  strata ;  but  the  best-known  fossil  species 
is  the  two-horned  woolly  Rhinoceros  {R.  tichorhinits).  This 
curious  species  occurs  in  Post-pliocene  deposits,  and  must  have 
ranged  over  the  greater  part  of  Europe.  It  was  adapted  to  a 
temperate  climate,  and,  like  the  Mammoth,  possessed  a  thick 
covering  of  mixed  wool  and  hair.  This  has  been  demonstrated 
by  the  discovery  of  a  frozen  carcass  in  Siberia.  The  curious 
genus  piceratheriwn,  with  its  transverse  pairs  of  horns,  is  from 
the  Miocene  of  North  America. 

The  Tapirida  are  represented  in  the  Eocene  and  Miocene 
by  the  genus  Lophiodon.  {Coryphodon,  which  has  generally 
been  placed  here,  has  been  shown  by  Marsh  to  have  Jive  toes 
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to  both  feet,  and  it  cannot,  therefore,  be  referred  to  the  Peris- 
sodactyles  save  by  an  extension  of  the  characters  of  this 
division  of  Ungulates.)    The  genus  Tapirus  itseh'  begins  int. 
the  Miocene. 

The  Brontotheridcc  are  wholly  extinct,  and  are  confined  to 
the  Miocene  of  North  America. 

The  PalceoihcridcB  are  likewise  completely  extinct,  and  are- 
confined  to  the  Eocene  and  Miocene. 

The  distribution  of  the  Eqiddce  in  time  has  already  been 
spoken  of  (see  p.  670),  The  oldest  genus  of  the  family  is  the, 
Orohippus  of  the  American  Eocene.  H 

Amongst  the  Artiodaciyles,  the  earliest  representative  of  thev 
Hippopotamida  is  the  Hexaprotodon  of  the  Upper  Miocene 
India,  which  differs  from  Hippopotamus  proper  only  in  having 
six  lower  incisors,  in  place  of  four.    The  latter  genus  appears 
in  Europe  in  the  Pliocene. 

A  very  large  number  of  fossil  forms  of  Suida  are  known 
from  the  Tertiaries  of  both  the  Old  and  New  Worlds,  beginning 
in  the  Eocene  {C/icejvpotamus,  &c.).  1^ 

In  many  respects  intermediate  between  the  Suida  and  the 
Ruminantia  is  the  genus  Oreodon  of  the  Miocene  Tertiary  of 
North  America.  The  molars  are  like  those  of  the  Ruminants, 
but  there  are  three-sided  canines,  which  are  worn  like  those  of 
the  Pig,  and  there  is  no  interval  between  the  canines  and  pre- 
molars. As  in  the  CervidcB,  on  the  other  hand,  there  are 
"tear-pits"  beneath  the  orbits. 

The  Anoplotheridce  are  wholly  extinct,  and  are  confined  to 
the  Eocene  and  Miocene  periods. 

The  Camelidce  are  first  represented  in  the  Miocene  deposits 
of  North  America  {Po'ebrotheriuin,  &c.),  and  the  later  Tertiaries 
and  Post-Tertiaries  of  the  same  country  have  yielded  several  | 
other  extinct  types  of  this  family.  Fossil  remains  of  Camelida 
also  occur  in  the  Upper  Miocene  of  India  ;  and  early  types  of 
the  Llamas  occur  in  the  Pliocene  of  South  America. 

The  Tragulidce  are  first  known  to  have  come  into  exist- 
ence during  the  Miocene  period  (Amphitragulus  and  Dremo-  , 
therium). 

The  Cervidce  appear  for  the  first  time  in  the  Miocene  {Dorca- 
therium,  Bicrocerus,  &c.).  Cej'vus  itself  appears  in  the  Upper 
Miocene,  and  of  the  same  age  is  the  genus  Amphimoschns,  re- 
lated to  the  hving  Musk-deer. 

The  first  representative  of  the  CamelopardalidcE,  so  far  as 
known,  is  the  Helladotherium  of  the  Upper  Miocene  of  France, 
Greece,  and  India. 

The  Antilopidcc  appear  in  forms  closely  allied  to  recent  ones 
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in  the  Miocene  of  Europe ;  and  in  beds  belonging  to  the  same 
period  in  India  we  have  the  aberrant  four-horned  types  which 
constitute  the  genera  Sivatheriwn  and  Bramatherium. 

True  BovidcB  occur  in  the  Miocene  of  India,  and  the  PHo- 
cene  of  Euro]3e,  whilst  OvidcR  resembling  existing  types  are  not 
known  from  deposits  earlier  than  the  Post-Pliocene. 


CHAPTER  LXXIV. 

DINOCERATA,  TILLODONTIA,  AND  TOXODONTIA. 

Order  VII.  Dinocerata. — This  order  comprises  certain 
extraordinary  extinct  Mammals  from  the  Eocene  of  North 
America,  Avhich  are  regarded  by  Prof.  Cope  as  an  aberrant 
group  of  Ungulates,  whilst  Prof.  Marsh  considers  them  as  a 
distinct  order  intermediate  between  the  Perissodactyle  Ungulates 
and  the  Prohoscidea. 

The  members  of  this  order  are  all  of  gigantic  dimensions, 
and  of  massive  construction.  The  forefeet  possessed  five  well- 
developed  toes,  hut  the  hindfeet  were  functionally  four-toed,  the 
hallux  being  rudimentary  or  small.  The  nasal  bones  7vere  elon- 
gated, a7id  do  not  seem  to  have  stipported  a  proboscis.  The 
cranium  carries  three  pairs  of  horn-cores,  which  must  have  been 
enveloped  in  horny  sheaths.  There  are  no  upper  incisors,  and  the 
upper  canines  have  the  fo7-m  of  long  tusks  directed  downwards. 
(These  characters  are  taken  from  Dinoceras,  the  best  known 
genus  of  the  group.)  The  order  is  distinguished  from  the 
Prohoscidea  by  the  absence  of  upper  incisors,  the  presence  of 
canines,  the  possession  of  three  pairs  of  horn-cores,  and  the 
absence  of  a  proboscis. 

In  Dinoceras  itself,  which  may  be  taken  as  the  type  of  the 
group,  we  have  a  large  animal  equal  in  dimensions  to  the 
living  Elephants,  which  it  resembles  also  in  the  osteology  of 
its  limbs,  in  most  essential  respects.  It  is  in  the  skull 
(fig.  367)  and  dentition,  however,  that  the  most  striking  pecu- 
liarities of  Dinoceras  are  to  be  found.  As  regards  the  denti- 
tion, the  front  of  the  upper  jaw  was  destitute  of  incisors,  and 
probably  carried  a  palatine  pad,  but  there  were  two  very  large 
canines  in  the  form  of  tusks  directed  perpendicularly  down- 
wards ;  and  there  was  also  a  series  of  six  small  molars  on  each 
side.  In  the  lower  jaw  are  six  incisors,  small  canines,  and  twelve 
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prsemolars  and  molars,  six  on  each  side.  The  dental  formula 
is  thus — 

.  o — O         I  1  3 — ^  —  -i 

'3-3'  ^J=i'  ^"'3=3''"  3-r^^- 

Superiorly  each  maxillary  bone  carried  a  well-developed  pro- 
cess, probably  of  the  nature  of  a  horn-core.    The  nasals  sup- 


Fig.  367. — Skull  of  Dinoceras  tmrabile,  after  Marsh.    From  the  Eocene  Tertiarj'. 

port  two  similar  but  smaller  horn-cores ;  and  the  frontals  are 
developed  behind  into  two  larger  bony  projections  most  prob- 
ably also  of  the  nature  of  horn-cores.  The  animal  thus  pos- 
sessed three  pairs  of  horns,  one  carried  by  the  upper  jaw- 
bones, one  by  the  nasals,  and  one  by  the  frontal  bones.  The 
nasal  bones  are  long,  and  there  is  no  evidence  of  any  probos- 
cis. The  limbs  are  short,  the  fore-legs  shorter  than  the  hind- 
legs  ;  and  the  femur  was  not  provided  with  a  third  trochanter. 
The  tail  is  short  and  slender,  and  the  ribs  are  furnished  with 
rudimentary  uncinate  processes. 

As  regards  the  mental  powers  of  Dinoceras,  Prof.  Marsh  re- 
marks : — The  brain-cavity  of  Dinoceras  is  perhaps  the  most 
remarkable  feature  in  this  remarkable  genus.  It  proves  con- 
clusively that  the  brain  was  proportionately  smaller  than  in  any 
other  known  Mammal,  recent  or  fossil,  and  even  less  than  in 
some  reptiles.    It  is,  in  fact,  the  most  reptilian  brain  in  any 
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known  Mammal.  In  D.  mirabile,  the  entire  brain  was  actu- 
ally so  diminutive  that  it  could  apparently  have  been  drawn 
through  the  neural  canal  of  all  the  praesacral  vertebrae,  cer- 
tainly through  the  cervicals  and  lumbars." 

The  chief  genera  which  are  included  amongst  the  Difiocerata 
by  Marsh  are  Dmoceras,  Tinoceras,  and  Uintatherium.  All 
the  remains  of  this  singular  group  which  have  hitherto  been 
brought  to  light,  are  from  the  Eocene  Rocks  of  North  America. 

Order  VIII.  Tillodontia. — This  order  has  been  estab- 
lished by  Prof.  Marsh  for  the  reception  of  some  singular  Mam- 
mals from  the  Eocene  Tertiary  of  the  United  States,  The 
following  are  the  characters  of  the  order,  so  far  as  published  : — 
The  molar  teeth  have  grinding  croiV7is,  as  in  Ungulates,  and  may 
have  distinct  roots,  or  may  grow  from  permanent  pulps  ;  small 
canines  are  present  in  both  jaws  ;  and  each  jaw  carries  two  long 
scalpriform  incisors,  resembling  those  of  Rodents  in  form  and  in 
grotuing  from  persistent  pulps.  The  feet  are  plaiitigrade  and 
pcntadactyle,  and  the  digits  were  apparently  unguiculate.  The 
femur  has  a  third  trochanter^  aiid  the  radius  and  ulna  and  tibia 
and  fbula  are  distinct  bones. 

The  order  includes  two  distinct  families — one,  the  Tillothe- 
ridcB,  having  molar  teeth  with  distinct  roots  j  whilst  the  other, 
Stylinodontidce,  possessed  rootless  molars,  which  grew  from 
persistent  pulps.  All  the  known  forms  of  the  order  are  from 
the  Eocene  Tertiary,  and  the  typical  species  seem  to  have 
been  from  one-half  to  two-thirds  of  the  size  of  the  Tapir. 

The  type-genus  of  the  order  is  Tillotherium,  which  presents 
a  remarkable  combination  of  the  characters  of  the  Ungulata, 
Rodcntia,  and  Carjiivora.  The  general  form  of  the  skeleton 
most  closely  resembles  that  of  the  Carnivores,  the  skull  being 
like  that  of  the  Bears  in  many  respects,  whilst  the  feet  are  five- 
toed,  with  the  whole  sole  applied  to  the  ground,  and  having 
ungual  phalanges  similar  to  those  of  the  U?'sidce.  The  brain- 
cavity  is  of  small  size,  and  the  cerebral  hemispheres  did  not 
extend  over  the  cerebellum  or  the  olfactory  lobes.  The  orbits 
are  not  complete,  but  open  into  the  temporal  fossae.  The 
prsemolars  and  molars  have  grinding  crowns,  the  canines  are  of 
small  size,  and  the  praemaxillge  carried  a  pair  of  large  scalpri- 
form incisors  (fig.  368),  which  resemble  those  of  the  Rodents  in 
aving  chisel-shaped  crowns,  and  in  growing  throughout  the  life 
of  the  animal.  As  in  Rodents,  there  is  a  corresponding  pair  of 
calpriform  incisors  in  the  lower  jaw.   The  dental  formula  is  — 


t  ;  c   —   ;  pm  ^ — ^  ;  m  — ^  -  30- 

I — I  '      1  —  I  '         2  —  2  '      3 — 3 

2  X 
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Order  IX.  Toxodontia.— This  order  includes  certain  larg 
extinct  Mammals  from  the  later  Tertiary  deposits  of  Scut 


Fig.  368.  —  Tillodoittia.    Side-view  of  the  skull  of  TillotJterium  /odte>ts,  with  the  lower 
jaw  displaced  downwards,  cne  fourth  of  the  natural  size.    (After  Marsh.) 


America,  the  true  systematic  position  of  which  is  still  very 
doubtful ;  since  they  present  affinities  to  the  Ungidata,  the 
Rodents,  and  the  Edentates.  The  skull  is  massive  and  the 
dentition  is  very  peculiar.     The  molars  and  prsemolars  are 


bent  so  as  to  be  strongly  convex  outwards  and  concave  inwards, 
with  flat  grinding  surfaces  (fig.  369),  and  presenting  the  pecu- 
liarity that  they  are  rootless  and  grow  from  persistent  pulps. 
Canines  are  present  in  the  lower  jaw,  but  are  of  very  small 
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size  (fig.  369,  c)  and  are  placed  in  the  interval  between  the  in- 
cisors and  prjemolars.  In  the  upper  jaw  only  the  sockets  for 
the  canines  are  left.  There  are  four  upper  and  six  lower 
incisors,  which  are  separated  by  a  wide  diastema  from  the 
praemolars.    The  dental  formula  is — 

^0-0         4:-4  ^,,3z:3^38. 
3—3       I— I         3—3  3—3 
There  is  no  third  trochanter  to  the  femur,  but  the  structure 
of  the  manus  and  pes  is  quite  unknown. 

The  only  known  genera  are  Toxodon  and  Nesodon. 


CHAPTER  LXXV. 

HYRACOIDEA  AND  PROBOSCIDEA. 

Order  X.  Hyracoidea. — This  is  a  very  small  order  which 
has  been  constituted  by  Huxley  for  the  reception  of  two  or 
three  little  animals,  which  make  up  the  single  genus  Hyrax. 
These  have  been  usually  placed  in  the  immediate  neighbour- 
hood of  the  Rhinoceros,  to  which  they  have  some  decided 
affinities,  and  they  are  still  retained  by  Owen  in  the  section  of 
the  Perissodactyle  Ungulates. 

The  order  is  distinguished  by  the  following  characters  : — 
There  are  fio  canine  teeth,  and  the  incisors  of  the  upper  jaw  are 
long  and  curved,  and  grow  from  permanent  pulps,  as  they  do  in 
the  Rodents  {such  as  the  Beaver,  Rat,  &c.).  The  molar  teeth  are 
singularly  like  those  of  the  Rhinoceros.  According  to  Huxley, 
the  dental  formula  of  the  aged  animal  is — 

.  2 — 2       o — o    ,    4 — 4       3 — 3  . 

t   ;   c  ;  pm  — — -  :  m  - — -  =  36. 

2—2       0—0         4—4  3—3 

The  forefeet  are  tetradactylous,  the  hindfeet  ti-idactylous,  and  all 
the  toes  have  rounded  hoof-like  nails,  with  the  exception  of  the 
inner  toes  of  the  hindfeet,  which  have  an  obliquely-cw'ved  nail. 
There  are  no  clavicles.  The  nose  and  ears  are  short,  and  the 
tail  is  represented  by  a  mere  tubercle.  The  placenta  isdeciduate 
and  zonary,  whereas  in  the  Ungulates  it  is  non-deciduate. 

Several  species  of  Hyrax  are  known,  but  they  resemble  one 
another  in  all  essential  particulars,  and,  with  the  exception  of 
H.  Syriacus,  they  are  exclusively  confined  to  Africa,  They 
are  all  gregarious  little  animals,  living  in  holes  of  the  rocks. 
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and  capable  of  domestication.  Some  forms  (Dcndrohyrax) 
are  arboreal  m  their  habits.    The  "coney"  of  Scripture  is 


Fig.  370.— Skull  oiHyrax.    (After  Cuvier.) 


believed  to  be  the  Hyrax  Syriacus,  which  occurs  in  the  rocky 
parts  of  Syria  and  Palestine.  Another  species — the  Hyrax 
Capensis,  or  "  Klipdas  "  ("  badger  of  the  cliffs  ") — occurs  com- 
monly in  South  Africa,  and  is  known  by  the  colonists  as  the 
"  badger." 

No  fossil  remains  have  as  yet  been  discovered  which  can 
with  certainty  be  referred  to  this  order. 

Order  XI.  Proboscidea. — The  eleventh  order  of  Mammal 
is  tliat  of  the  Proboscidea,  comprising  no  other  living  animals 
except  the  Elephants,  but  including  also  the  extinct  Mastodo 
and  Deiriotlmdum. 

The  order  is  characterised  hy  the  total  absence  of  canine  teeth , 
the  molar  teeth  are  few  in  number,  large,  and  transversely  ridgCi 
or  tiiberciilate ;  incisors  a7'e  always  present,  and  grow  from  per- 
sistent pulps,  constituting  long  tusks  (fig.  371).  In  livijig  Ele 
phants  there  are  two  of  these  tusk-like  incisors  in  the  upper  jaw^ 
and  the  lower  iaw  is  without  incisor  teeth.  In  the  Deinotheriui. 
this  is  reversed,  there  being  two  tusk-like  lower  incisors  an 
no  upper  incisors.  In  the  Mastodons,  the  incisors  are  usuall 
developed  in  the  upper  jaw,  and  form  tusks,  as  in  the  Ele 
phants,  but  sometimes  there  are  both  upper  and  lower  in 
cisors,  and  both  are  tusk-like.  The  nose  is  prolonged  into 
cylindrical  trunk,  movable  in  every  direction,  highly  sensitive,  an 


VERTEBRATA :  MAMMALIA. 


693 


terfninatmg  in  a  finger  -  like  preJiensile  lobe  (fig.  371).  The 
nostrils  are  placed  at  the  extremity  of  the  proboscis.    The  feet 


Fig.  371.— Skull  of  the  Indian  Elephant  {Elephas  Indiais):  i  Tusk-like  upper  in- 
cisors ;  m  Lower  jaw,  with  molars,  but  without  incisors ;  n  Nostrils,  placed  at  the 
end  of  the  proboscis.    (After  Owen.) 

are  furnished  with  five  toes  each,  but  these  are  only  partially 
indicated  externally  by  the  divisions  of  the  hoof.  The  feet  are 
furnished  with  a  thick  pad  of  integument,  forming  the  palms 
of  the  hands  and  the  soles  of  the  feet.  There  are  no  clavicles. 
The  testes  are  abdominal  throughout  life.  There  are  two  teats, 
and  these  are  placed  upon  the  chest.  The  placenta  is  deciduate 
and  zonary. 

The  recent  Elephants  are  exclusively  confined  to  the  tropical 
regions  of  the  Old  World,  in  the  forests  of  which  they  live 
in  herds.  Only  two  living  species  are  known  —  the  Asiatic 
Elephant  {Elephas  Indicus)  and  the  African  Elephant  {E.  Afri- 
canus).  There  can  be  no  doubt,  however,  but  that  the  Mam- 
moth {Elephas primigenitcs)  existed  in  Europe  within  the  human 
period. 

In  both  the  living  Elephants  the  "  tusks  "  are  formed  by  an 
enormous  development  of  the  two  upper  incisors.  The  milk- 
tusks  are  shed  early,  and  never  attain  any  very  great  size.  The 
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permanent  tusks  grow  throughout  the  hfe  of  the  animal,  and 
often  reach  six  or  seven  feet  in  length,  and  from  fifty  to  seventy 
pounds  in  weight,  or  even  up  to  one  hundred  and  fifty  pounds 
in  aged  males.  In  the  Indian  Elephant,  and  its  variety  the 
Ceylon  Elephant,  the  males  alone  have  well-developed  tusks, 
but  both  sexes  have  tusks  in  the  African  species,  those  of  the 
males  being  the  largest.  Tlie  lower  incisors  are  absent,  and 
there  are  no  other  teeth  in  the  jaws  except  the  large  molars 
(f^g-  372),  which  are  one  or  two  in  number  on  each  side  of  each 


Fig.  372. — A,  Left  ramus  of  lower  jaw  of  Elephas  Indicus,  viewed  from  above. 
(After  Cuvier.)  B,  Grinding  surface  of  molar  tooth  Elephas  Africajius.  (Afte 
Giebel.) 

jaw.  The  molar  teeth  are  of  very  large  size,  and  are  composed 
of  a  number  of  transverse  plates  of  enamel  united  together  by 
dentine.  In  the  Indian  Elephant  (fig.  372,  A)  the  transverse 
ridges  of  enamel  are  narrow  and  undulating,  whilst  in  the  Afri- 
can Elephant  they  enclose  lozenge-shaped  intervals  (fig.  372,  B). 
The  Indian  Elephant  is  the  only  species  which  is  now  caught 
and  domesticated,  and  as  it  rarely  breeds  in  captivity,  the  de- 
mand for  it  is  supplied  almost  entirely  by  the  capture  of  adult 
wild  individuals,  which  are  taken  chiefly  by  the  assistance  of 
those  which  have  been  already  tamed.  The  Indian  Elephant  is 
distinguished  by  its  concave  forehead,  its  small  ears,  and  the 
characters  of  the  molars.  Its  skull  is  pyramidal,  and  it  has 
five  hoofs  on  the  fore-feet,  and  only  four  on  the  hind-feet.  Its 
colour  is  generally  pale  brown.  (The  so-called  "  White  Ele- 
phants "  are  merely  albinos.)  The  African  Elephant,  on  the 
other  hand,  has  a  strongly  convex  forehead  and  great  flapping 
ears.  Its  colour  is  darker,  its  skull  is  rounded,  and  it  has  four 
hoofs  on  the  fore-feet,  and  only  three  on  the  hind-feet.  The 
African  Elephant  is  chiefly  hunted  for  the  sake  of  its  ivory,  and 
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there  is  too  much  reason  to  beHeve  that  the  pursuit  will  ulti- 
mately end  in  the  destruction  of  these  fine  animals.  A  great 
deal,  however,  of  the  ivory  of  commerce  comes  from  Siberia, 
and  is  really  derived  from  the  tusks  of  the  now  extinct  Mam- 
moth, which  formerly  inhabited  the  north  of  Asia  in  great 
numbers. 

The  Elephants  are  all  phytophagous,  living  entirely  on  the 
foliage  of  shrubs  and  trees,  and  other  vegetable  matters,  which 
they  strip  off  by  means  of  the  prehensile  trunk.  As  the  tusks 
prevent  the  animal  from  drinking  in  the  ordinary  manner,  the 
water  is  sucked  up  by  the  trunk,  which  is  then  inserted  into 
the  mouth,  into  which  it  empties  its  contents. 

Closely  allied  to  the  true  Elephants  are  the  Mastodons, 
characterised  by  the  fact  that  the  crowns  of  the  molar  teeth 
have  nipple-shaped  tubercles  placed  in  pairs  (fig.  373).  Gen- 


Fig-  373-— A,  Skull  of  Mastodon  gigantenm;  B,  Side-view  of  the  second  true  molar 
Mastodon  giganteuin.    (After  Owen.) 


erally  speaking,  the  two  upper  incisors  formed  long  curved 
tusks,  as  in  the  Elephants,  but  in  some  cases  there  were  two 
lower  incisors  as  well.  The  various  species  of  Mastodon  all 
belong  to  the  later  Tertiary  and  Post-tertiary  periods. 

The  last  of  the  Proboscidea  is  a  remarkable  extinct  animal, 
the  Deinotherium.  This  extraordinary  animal  has  hitherto 
only  been  found  in  Miocene  deposits,  and  little  is  known  of 
it  except  its  enormous  skull.  Molars  and  prgemolars  were 
present  in  each  jaw,  and  the  upper  jaw  was  destitute  of  can- 
ines and  incisors.  In  the  lower  jaw  were  two  very  large  tusk- 
like incisors,  which  were  not  directed  forwards  as  in  the  true 
Elephants,  but  were  bent  abruptly  downwards  (fig.  374).  The 
animal  must  have  attained  an  enormous  size,  and  it  is  probable 
that  the  curved  tusks  were  used  either  ni  digging  up  roots,  or 
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in  mooring  the  animal  to  the  banks  of  rivers,  for  it  was  prob- 
ably aquatic  or  semi -aquatic  in  its  habits.    It  is  placed  by 

De  Blainville  in  the  Sircnia^  be-  ■ 
ing  regarded  as  a  Dugong  with 
tusk-like  lower  incisors ;  but  this 
view  has  been  rendered  unten- 
able by  the  discovery  of  limb- 
bones  of  a  distinctly  Proboscidean 
type. 

As  regards  the  distribution  of 
the  Proboscidea  in  time^  the  order 
came  into  existence  in  the  Mio- 
cene period,  where  it  is  repre- 
sented by  all  its  three  sections, 
Deinotheriuin,  Mastodon,  and  Ele- 
phas. 

The  genus  Deinotheriimi,  as 
just  mentioned,   is  exclusively 
confined  to  the  Miocene  period. 

The  genus  Mastodon  is  characteristic  in  Europe  of  the  Mio- 
cene and  Pliocene ;  but  in  North  America  it  is  represented  in 
the  Post-Pliocene,  and  it  occurs  also  in  deposits  of  the  same 
age  in  South  America. 

No  Elephant  has  yet  been  discovered  in  the  Miocene  rocks 
of  Europe,  but  six  species  are  known  from  Miocene  strata  in 
India,  In  the  Pliocene  period  Europe  possessed  its  Elephants 
(viz.,  E.  prisms  and  E.  vieridionalis) ;  but  the  best  knowai  of 
the  extinct  Elephants,  as  well  as  the  most  modern,  is  the  Mam- 
moth {E.  primigenius,  fig.  375). 


Fig.  374. — Skull  of  Deinotherium 
giganteutn. 


Fig.  375.— Skeleton  of  the  Mammoth  {EUphas pninigcniics). 

This  enormous  animal  is  now  wholly  extinct,  but  it  formerly 
abounded  in  the  northern  parts  of  Asia  and  over  the  whole 
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of  Europe.  It  occurred  also  in  Britain,  and  unquestionably 
existed  in  the  earlier  portion  of  the  human  period,  its  remains 
having  been  found  in  a  great  number  of  instances  in  connec- 
tion with  human  implements.  From  its  great  abundance  in 
Siberia,  it  might  have  been  safely  inferred  that  the  Mammoth 
was  able  to  endure  a  much  colder  climate  than  either  of  the 
living  elephants.  This  inference,  however,  has  been  rendered  a 
certainty  by  the  discovery  of  the  body  of  more  than  one  Mam- 
moth embedded  in.  the  frozen  soil  of  Siberia.  These  speci- 
mens had  been  so  perfectly  preserved  that  even  microscopical 
sections  of  some  of  the  tissues  could  be  made ;  and  in  one 
case  even  the  eyes  were  preserved.  From  these  specimens  we 
know  that  the  body  of  the  Mammoth  was  covered  with  long 
woolly  hair. 


CHAPTER  LXXVL 
CARNIVORA. 

Order  XII.  Carnivora. — The  twelfth  order  of  Mammals  is 
that  of  the  Carnivora,  comprising  the  Ferce,  or  Beasts  of  Prey, 
along  with  the  old  order  of  the  Pinnipedia,  or  Seals  and  AVal- 
ruses,  these  latter  being  now  almost  universally  regarded  as 
merely  a  group  of  the  Cai'iiivora  modified  to  lead  an  aquatic 
life. 

The  Carnivora  are  distinguished  by  always  possessing  two 
sets  of  teeth,  which  are  simply  covered  by  enamel,  and  are  always 
of  tJiree  kinds — incisors,  canines^  and  molars — diffei'ing  from  one 

another  in  shape  and  size.    The  incisors  are  generally  ^  ^ 

(except  in  some  seals) ;  the  canines  are  always  — and  are 

invariably  much  larger  and  longer  than  the  incisors.  The  prce- 
molars  and  molars  are  mostly  furnished  with  cutting  or  trenchant 
edges;  but  they  graduate  from  a  cutting  to  a  tuberculate  form,  as 
the  diet  is  strictly  carnivorous,  or  becomes  more  or  less  miscellaneous. 
In  the  typical  Carnivores  (such  as  the  Lion  and  Tiger),  the  last 
tooth  but  one  in  the  upper  jaw  and  the  last  tooth  in  the  lower 
jaw  are  known  as  the  "  carnassial  "  teeth,  having  a  sharp  cut- 
ting edge  adapted  for  dividing  flesh,  and  generally  a  more  or 
less  developed  tuberculated  heel  or  process.  A  varying  num- 
ber, however,  of  the  molars  and  prsemolars  may  be  "  tubercu- 


698 


MANUAL  OF  ZOOLOGY. 


late,"  their  crowns  being  adapted  for  bruising  rather  than  cut- 
ting. As  a  general  rule,  the  shorter  the  jaw,  and  tlie  fewer 
the  praemolars  and  molars,  the  more  carnivorous  is  the  animal. 
The  jaws  are  so  articulated  as  to  admit  of  vertical  but  not  of 
horizontal  movements ;  the  zygomatic  arches  are  greatly  de- 
veloped to  give  room  for  the  powerful  muscles  of  the  jaws ; 
and  the  orbits  are  not  separated  from  the  temporal  fossa;. 
The  intestine  is  comparatively  short. 

In  all  the  Cariiivora  the  clavicles  are  cither  altogether  wanting^ 
or  are  quite  i-udinientary.  The  toes  are  provided  with  sharp 
curved  claws.  The  teats  are  abdominal ;  and  the  placenta  is 
deciduate  and  zonular. 

The  order  Carnivora  is  divided  into  three  very  natural  sec- 
tions : — 

Section  I.  Pinnigrada  ox  Pinnipedia. — This  section  comprises 
the  Seals  and  Walruses,  in  which  the  fore  and  hind  limbs  are 
short,  and  are  expanded  into  broad  webbed  swimming-paddles 
(fig.  376,  B).    The  hind-feet  are  placed  very  far  back,  nearly 


Fig.  376. — Feet  of  Caritnwa  (after  Owen).    A,  Plantigrnda,  Foot  of  Bear ; 
B,  Pituiigrada,  Hind-feet  of  Seal ;  C,  Digiti^ada,  Foot  of  Lion. 


in  a  line  with  the  axis  of  the  body,  and  they  are  more  or  less 
tied  down  to  the  tail  by  the  integuments. 

Section  II.  Plantigrada. — This  section  comprises  the  Bears 
and  their  allies,  in  which  the  whole,  or  nearly  the  whole,  of 
the  foot  is  applied  to  the  ground,  so  that  the  animal  walks 
upon  the  soles  of  the  feet  (fig.  376,  A). 

Section  III.  Digitigrada.—  Thh  section  comprises  the  Lions, 
Tigers,  Cats,  Dogs,  &c.,  in  which  the  heel  of  the  foot  is  raised 
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entirely  off  the  ground,  and  the  animal  walks  upon  the  tips  of 
the  toes  (fig.  376,  C). 

Section  I.  Pinnigrada  or  Pinnipedia. — This  section  of 
the  Carnivora  comprises  the  amphibious  Seals  and  Walruses, 
which  differ  from  the  typical  Carnivores  merely  in  points  con- 
nected with  their  semi-aquatic  mode  of  life.  The  body  in 
these  forms  is  elongated  and  somewhat  fish -like  in  shape, 
covered  with  a  short  dense  fur  or  harsh  hairs,  and  terminated 
behind  by  a  short  conical  tail.  All  the  four  limbs  are  present, 
but  are  very  short,  and  the  five  toes  of  each  foot  are  united 
together  by  the  skin,  so  that  the  feet  form  powerful  swimming- 
paddles.  The  hind-feet  are  of  large  size,  and  are  placed  far 
back,  their  axis  nearly  coinciding  with  that  of  the  body  (figs. 
376,  377)-    From  this  circumstance,  and  from  the  fact  that  the 


Fig.  377.— The  Greenland  Seal  {Pkoca  Grcenlandica). 

integument  often  extends  between  the  hind-legs  and  the  sides 
of  the  short  tail,  the  hinder  end  of  the  body  forms  an  admir- 
able swimming  apparatus,  similar  in  its  action  to  the  horizontal 
tail-fin  of  the  Cetacea  and  Sirefiia.  The  tips  of  the  toes  are 
furnished  with  strong  claws,  but  the  powers  of  terrestrial  loco- 
motion are  very  limited.  On  land,  in  fact,  the  typical  Seals 
can  only  drag  themselves  along  laboriously,  chiefly  by  the  con- 
tractions of  the  abdominal  muscles.  On  the  other  hand,  the 
Eared  Seals  {Otariada)  can  use  their  hind-limbs  freely  upon 
the  land.  The  ears  are  of  small  size,  and  are  mostly  only  in- 
dicated by  small  apertures,  which  the  animal  has  the  power  of 
closing  when  under  water.  The  bones  are  light  and  spongy, 
and  beneath  the  skin  is  a  layer  of  fat  or  blubber.  The  denti- 
tion varies,  but  teeth  of  three  kinds  are  always  present,  in  the 
young  animal  at  any  rate.    The  canines  are  always  long  and 
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pointed,  and  the  molars  are  generally  furnished  with  sharp 
cutting  edges. 

The  section  Pinnigrada  includes  the  two  families  of  the 
Seals  {Phocidce)  and  Walruses  {Trichecida). 

The  Seals  are  distinguished  by  having  incisor  teeth  in  both  jaws,  and  by 
the  fact  that  the  canine  teeth  are  not  disproportionately  developed.  Tiicy 
form  a  very  numerous  family,  of  whicli  species  are  found  in  almost  every 
sea  out  of  the  limits  of  the  tropics.  They  abound,  however,  especially  in 
the  seas  of  the  Arctic  and  Antarctic  regions.  They  live  for  the  most  jjaii 
upon  fish,  and  when  awake,  spend  the  greater  part  of  their  time  in  iLc 
water,  only  coming  on  land  to  bask  and  sleep  in  the  sun  and  to  suckle 
their  young.  They  appear  to  be  universally  polygamous.  The  body  is 
covere  1  with  a  short  fur,  interspersed  with  long  bristly  hairs  ;  and  the  lips 
are  furnished  with  long  whiskers,  which  act  as  organs  of  touch.  The  seals 
are  very  largely  captured  for  the  sake  of  their  blubber  and  skins. 

The  only  common  British  seal  is  the  Phoca  vitulina,  which  occurs  not 
imcommonly  on  the  northern  shores  of  Scotland.  It  is  yellowish-grey  in 
colour,  and  measures  from  thi'ee  to  five  feet  in  length.  Other  seals  attain 
a  much  greater  length— the  Great  Seal  measuring  from  eight  to  ten  feet, 
and  the  Bottle-nosed  Seal  reaching  a  length  of  from  twenty  to  twenty-five 
feet.  The  only  Seals  which  possess  external  ears  constitute  the  group 
OlariadcB,  and  are  almost  exclusively  confined  to  the  seas  of  the  southern 
hemisphere. 

The  second  family  of  the  Pinnigrade  Carnivores  is  that  of  the  Tj'iche- 
cidcB,  comprising  only  the  Walrus  or  Morse  ( Trichecus  rosmariis).  Tlie 
chief  peculiarity  by  which  the  Walrus  is  distinguished  from  the  true  Seals 
is  found  in  the  dentition.  According  to  Owen,  there  are  six  incisors  in 
the  upper  jaw  and  four  in  the  lower ;  but  these  are  only  present  in  the 
young  animal,  and  soon  disappear,  with  the  exception  of  the  outermost 
pair  of  upper  incisors.  The  upper  canines  are  enormously  developed, 
growing  from  persistent  pulps,  and  constituting  two  large  pointed  tusks, 
which  attain  a  length  of  over  fifteen  inches  (fig.  378).  The  direction  of 
the  tusks  is  downwards  and  slightly  outwards,  and  they  project  consid- 
erably below  the  chin.  The  adult  animal  has  usually  three  simple  molars 
with  flat  crowns  behind  the  tusks  in  the  upper  jaw;  and  four  similar  teeth 
on  each  side  of  the  lower  jaw  ;  but  tlie  first  of  these  has  been  regarded  as  a 
lower  canine.  The  upper  lip  has  many  pellucid  bristles  as  large  as  a  straw 
in  thickness.  In  the  adult  the  incisors  are  obsolete,  except  the  lateral 
pair  in  the  upper  jaw.    Unlike  the  Seals,  the  Walrus  is  not  polygamous. 

Except  as  regards  its  dentition,  the  Walras  agrees  in  all  essential  re- 
spects with  the  Seals.    It  is  a  large  and  heavy  animal,  attaining  a  length 
of  from  ten  to  fifteen  feet  or  upwards.    The  body  is  covered  with  short 
brownish  or  yellowish  hair,  and  the  face  bears  many  long  stiff  bristles. 
There  are  no  external  ears.    The  chief  use  of  the  tusk-like  canines  appears 
to  be  that  of  assisting  the  unwieldy  animal  to  get  out  of  the  water  upon  i 
the  ice  ;  but  they  doubtless  serve  as  weapons  of  offence  and  defence  as  "ji 
well,  and  they  are  used  for  digging  up  burrowing  shell-fish  out  of  the  sand.  ( 
The  Walrus  is  hunted  by  whalers,  both  for  its  blubber,  which  yields  an  1« 
excellent  oil,  and  for  the  ivory  of  the  tusks.    It  is  found,  living  in  herds, 
in  the  Arctic  seas,  being  especially  abundant  at  Spitzbergen  and  Nova 
Zembla. 


Section  II.  Plantigrada.— The  Carnivorous  animals  be- 
longing to  this  section  apply  the  whole  or  the  greater  part  of 
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the  sole  of  the  foot  to  the  ground  (fig.  376,  A) ;  and  the  por- 
tion of  the  sole  so  employed  is  destitute  of  hairs  in  most 


Fig.  378. — Skull  of  the  Walrus  {Trickecits  rosmariis),  after  Owen. 
i  Tusk-like  upper  canines. 


instances  (the  sole  is  hairy  in  the  Polar  Bear).  From  the 
structure  of  the  foot,  the  Plantigrada  have  great  power  of  rear- 
ing themselves  up  on  the  hind-feet.  They  approach  the  In- 
sectivora  in  their  comparatively  slow  movements  and  their 
nocturnal  habits,  and  in  possessing  no  caecum.  They  mostly 
hybernate,  and  their  feet  are  always  pentadactylous. 

The  typical  family  of  the  Plantigrade  Caj'?jivora  is  that  of 
the  Ursidce  or  Bears,  in  which  the  entire  sole  of  the  foot  is 
applied  to  the  ground  in  walking.  The  Ursidce  are  much  less 
purely  carnivorous  than  the  majority  of  the  order,  and  in 
accordance  with  their  omnivorous  habits,  the  teeth  do  not 
exhibit  the  typical  carnivorous  characters.  The  incisors  and 
canines  have  the  ordinary  carnivorous  form,  but  the  "carnas- 
sial "  or  sectorial  molar  has  a  tuberculate  crown  instead  of  a 
sharp  cutting  edge.    The  dental  formula  is — 

I  - — -  :  c  :  pm  ~ — -  :  ni  =  42. 

3—3      I— I         4—4  3—3 

The  claws  are  formed  for  digging,  large,  strong,  and  curved, 
but  are  not  retractile.    The  tongue  is  smooth  ;  the  ears  small, 
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erect,  and  rounded;  the  tail  short;  the  nose  forms  a  movable 
truncated  snout ;  and  the  pupil  is  circular. 

As  shown  by  their  smooth  tongues  and  tuberculate  molars, 
the  Bears  are  not  peculiarly  or  strictly  carnivorous.  They  eat 
flesh  when  they  can  obtain  it,  but  a  great  part  of  their  food  is 
of  a  vegetable  nature. 

The  Bears  are  very  generally  distributed  over  the  globe,  Australia  and 
Africa  alone  having  no  representative  of  the  family.  The  common  Brown 
Bear  {Ursiis  arctos)  was  at  one  time  an  inhabitant  of  Britain,  and  al-o 
existed  over  the  whole  of  Europe.  At  the  present  day  the  Brown  Bear  is 
only  found  in  the  great  forests  of  the  north  of  Europe  and  in  Asia.  It 
feeds  on  roots,  fruits,  honey,  insects,  and,  when  it  can  obtain  them,  upon 
other  Mammals.  It  attains  a  great  age,  and  hybernates  during  the  winter 
months.  Very  nearly  allied  to  the  Brown  Bear  is  the  Black  Bear  of 
America  {Ursiis  Ainericanns).  Both  are  of  some  commerical  value,  being 
hunted  for  the  sake  of  their  skins,  fat,  and  tongues.  A  much  larger 
American  species  is  the  Grizzly  Bear  [Urstis  fe?-ox),  found  in  many  parts  of 
the  American  continent.  It  is  about  twice  as  large  as  the  ordinary  Bear, 
but  it  is  said  to  subsist  to  a  great  extent  upon  vegetable  food,  such  as  | 
acorns.  The  most  remarkable,  however,  of  the  bears  is  the  great  White  ' 
Bear  [Thalassarctos  maritimus),  which  is  exclusively  a  native  of  the  Arctic 
regions.  It  is  a  very  large  and  powerful  animal,  the  fur  of  which  is  quite 
white.  The  paws  are  very  long,  and  the  soles  of  the  feet  are  covered 
with  coarse  hair,  giving  the  animal  a  firm  foothold  upon  the  ice.  The 
Polar  Bear  differs  from  the  other  Ursidce  in  being  exclusively  carnivorous, 
since  vegetable  food  would  be  generally  unattainable.  It  is  as  much  at 
home  in  the  water  as  on  land,  and  lives  chiefly  upon  seals  and  fish,  and 
the  carcasses  of  Cetaceans. 

Amongst  the  other  Bears  may  be  mentioned  the  Sun -Bears  [Helarctos) 
of  the  Malayan  Archipelago,  the  Honey-Bears  [Prochilus  or  Melursus)  of 
India,  and  the  Spectacled  Bear  {Tretnarctos)  of  the  Peruvian  and  ChiUan 
Andes,  the  sole  representative  of  the  Ursidce  in  South  America. 

The  idJxxAy  Procyonidce  includes  a  number  of  small  American 
Carnivores,  which  are  nearly  allied  to  the  Bears.    The  Racoons 
{Procyon,  fig.  379)  are  natives  of  tropical  and  northern  America, 
and  have  a  decided  external  resemblance  to  the  Bears,  They 
have  tolerably  long  tails,  however,  and  sharp  muzzles.  The 
commonest  species  is  the  Frocyon  lotoi'  of  North  America,  which 
derives  its  specific  name  from  its  habit  of  washing  its  food 
before  eating  it.   The  Coatis  {Nasicd)  are  very  closely  allied  to 
the  Racoons,  and  are  exclusively  confined  to  the  American  ^ 
continent.    The  Kinkajous  ( Cercoleptes)  are  inhabitants  of  South^ 
America,  extending  their  range  northwards  to  Mexico,  and,  as^ 
is  the  case  with  so  many  of  the  animals  of  this  continent,  they 
are  adapted  for  an  arboreal  life,  to  which  end  their  tails  are  r 
prehensile.    They  appear  to  represent  in  the  Western  heini-  / 
sphere  the  Lemurs  of  the  Old  World,  to  which  they  present  jt 
certain  points  of  affinity. 

Nearly  related  to  the  preceding  is  the  family  of  iht  ^-Eliinda, 
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comprising  the  well-known  "Wah"  or  ''Panda"  {^lurusfiilgens) 
of  India  and  Thibet,  and  the  ^luropus  of  the  latter  country. 


Fig.  379.— Skull  of  Racoon  {Procyoii  lotor).    (After  Giebel.) 
/ 

The  former  is  a  cat-like  animal,  chestnut -brown  above  and 
black  inferiorly,  with  a  white  face  and  ears,  and  the  latter  is 
almost  completely  white  in  colour.  Like  the  Kinkajous,  but 
unlike  the  Coatis  and  Racoons,  the  yElurus  has  retractile 
claws. 

The  only  remaining  family  of  the  Plantigrada  is  that  of  the 
MelidcB  or  Badgers,  characterised  by  their  elongated  bodies 
and  short  legs,  and  by  the  fact  that  the  carnassial  tooth  has 
a  partly  cutting  edge,  and  is  not  wholly  tuberculate  as  in  the 
Bears. 

The  common  Badger  [Meles  taxus),  which  may  be  regarded 
as  the  type  of  this  group,  occurs  in  Britain,  and  is  one  of  the 
most  inoffensive  of  animals.  It  is  nocturnal  in  its  habits,  and 
is  a  very  miscellaneous  feeder,  not  refusing  anything  edible 
which  may  come  in  its  way,  though  living  mainly  on  roots  and 
fruits.  The  Badger  burrows  with  great  ease,  and  can  bite  very 
severely.  The  European  Badger  is  represented  in  the  United 
States  and  Canada  by  the  "Sififleur"  {Meles  Labradoriciis)^  and 
in  the  hilly  parts  of  India  by  the  Indian  Badger  {M.  collaris). 
The  Glutton  {Giilo  liiscus),  often  called  the  AVolverine,  is  of 
common  occurrence  in  the  northern  parts  of  Europe,  Asia,  and 
America.  It  is  from  two  to  three  feet  in  length,  and  though 
doubtless  a  tolerably  voracious  animal,  it  is  certainly  not  so 
much  so  as  to  deserve  the  name  of  Glutton.  The  Grison 
{Galictis)  is  a  closely-allied  form,  which  is  found  in  South 
America.  These  two  genera  are  often  placed  among  the 
MustelidcB.  The  Ratels  or  Honey- badgers  {Mellivora)  are 
much  like  the  common  Badger  in  their  habits  and  appear- 
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ance,  but  they  get  their  name  from  their  fondness  for  honey 
They  are  natives  of  southern  and  eastern  Africa,  and  India! 
The  Skunks  {Mephitis)  are  sometimes  placed  in  this  family  to 
which  they  are  allied  through  the  singular  Mydaus  of  Java  and 
Sumatra. 

Section  III.  Digitigrada.— In  this  section  of  the  Carnivora 
the  heel  is  raised  above  the  ground,  with  the  whole  or  the 
greater  part  of  the  metacarpus  and  metatarsus,  so  that  the 
animals  walk  more  or  less  completely  on  the  tips  of  the  toes 
(fig-  376,  C).  No  absolute  line,  however,  of  demarcation  can 
be  drawn  between  the  Plantigrade  and  Digitigrade  sections  of 
the  Carnivora,  since  many  forms  {e.g.,  Music/idee  and  Viver- 
ridce)  exhibit  transitional  characters,  and  it  has  even  been  pro- 
posed to  place  these  in  a  separate  section,  under  the  name  of 
Semi-plantigrada. 

The  first  family  of  the  Digitigrada  is  that  of  the  Mustelidce. 
or  Weasels,  including  a  number  of  small  Carnivores,  with  short 
legs,  elongated  worm-like  bodies,  and  a  peculiar  gliding  mode 
of  progression  (hence  the  name  of  Vermifonties,  sometimes 
applied  to  the  group).  Amongst  the  best  known  of  the  Mus- 
telidce  are  the  common  Weasel  {Mustela  vulgaris),  the  Pole-cat 
{Mustela putoriiis),  and  the  Ferret  {Mustela  fwv),  the  last  being 
supposed  to  be  only  an  albino  variety  of  one  of  the  Pole-cats. 
It  is  really  an  African  species,  but  has  been  long  domesti- 
cated in  Europe.  Many  of  the  MiistelidcB  are  of  great  com- 
mercial importance,  furnishing  beautiful  and  highly-valued  furs. 
Amongst  these  are  the  Ermine  {Mustela  erminea),  and  the 
Sable  {Mustela  zibellina).  It  is  asserted,  however,  that  most 
of  the  Sable  of  commerce  is  derived  from  the  Black  Mink 
{Putorius  nigrescens)  and  the  Pine  Marten  {Mustela  Americana) 
of  the  United  States  and  Canada. 

Almost  all  the  Weasels  have  a  very  disagreeable  odour,  produced  by  the 
secretion  of  greatly-developed  and  modified  sebaceous  glands,  placed  in 
the  neighbourhood  of  the  anus,  and  known  as  the  anal  glands.  In  this 
respect,  however,  the  nearly-allied  genus  Mephitis,  comprising  the  Ameri- 
can Skunk,  is  facile  princeps.  The  Skunk  is  a  pretty  little  animal,  with  a 
long  bushy  tail,  and  when  unmolested  it  is  perfectly  harmless.  If  pursued 
or  irritated,  however,  it  has  the  power  of  ejecting  the  secretion  of  the  anal 
glands  to  a  greater  or  less  distance  with  considerable  force.  The  odour  of 
this  secretion  is  so  powerful  and  persistent  that  no  amount  of  washing  will 
remove  it  from  a  garment,  and  its  characters  are  said  to  be  of  the  most  in- 
tensely disagreeable  description. 

Also  belonging  to  the  family  of  the  AfustelidcB,  and  very 
nearly  allied  to  the  Weasels,  are  the  Otters  {Lutra),  distin- 
guished by  the  possession  of  webbed  feet  adapted  for  swim- 
ming.   The  body  is  long,  the  legs  short,  and  the  tail  long, 
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Stout,  and  horizontally  flattened.  The  common  Otter  {Lutra 
vulgaris)  is  a  native  of  Britain,  frequenting  the  banks  of 
streams  and  lakes.  It  lives  upon  fish,  and  is  highly  destruc- 
tive to  salmon.  A  closely-allied  form  is  the  American  Otter 
{Lutra  Canadensis).  In  the  Sea  Otters  {Enhydris)  the  tail  is 
very  short.  They  are  found  on  both  sides  of  the  North  Pacific, 
and  yield  a  very  valuable  fur. 

The  second  family  of  the  Semi-plantigrade  Carnivores  is  that 
of  the  Viverrida,  the  Civets  and  Genettes.  They  are  all  of 
moderate  size,  with  sharp  muzzles  and  long  tails,  and  more  or 
less  striped,  or  banded,  or  spotted.  The  carnassial  molar  is 
trenchant;  the  canines  are  long,  sharp,  and  pointed;  and  the 
tongue  is  roughened  by  numerous  prickly  papillae.  The  last 
two  molars  in  the  upper  jaw,  and  the  last  in  the  lower,  are 
tubercular.    The  claws  are  semi-retractile,  and  the  pupils  can 

||)ntract,  on  exposure  to  light,  till  they  resemble  a  mere  line, 
p  most  of  their  characters,  therefore,  the  Civets  are  much 
Qore  highly  carnivorous  than  are  any  of  the  preceding  families, 
,nd  they  approach  in  many  respects  very  close  to  the  typical 
[roup  of  the  Digitigrada  (viz.,  the  Felidce),  having  especially 
■ery  close  affinities  with  the  Hyaenas.  Many  of  the  species  of 
he  family  are  furnished  with  anal  glands,  which  secrete  the 
teculiar  fatty  substance  known  as  "  civet." 
The  tnie  Civet-cat  is  the  Viverra  civetta,  a  native  of  Africa.  It  is  a 
mall  nocturnal  animal,  which  climbs  trees  with  facility,  and  feeds  chiefly 
pon  small  mammals,  reptiles,  and  birds,  but  also  upon  roots  and  fruits, 
t  furnishes  the  greater  part  of  the  "civet"  of  commerce,  which  was  for- 
lerly  in  great  repute  both  as  a  perfume  and  as  a  medicinal  agent.  It  is  a 
iomade-like  substance,  with  a  strong  musky  odoui",  and  is  secreted  by  a 
I  leep  double  pouch  beneath  the  anus.  The  Genette  ( Viverra  gcnetta)  is 
1  -ery  closely  related  to  the  preceding,  and  is  a  native  of  Africa  and  southern 
{Europe,  being  not  uncommonly  domesticated  and  kept  like  a  cat.  The 
i'.nal  pouch  in  the  Genette  is  much  reduced  in  size,  and  has  hardly  any 
^  )erceptible  secretion.  Another  nearly  -  allied  form  is  the  Ichneumon 
\  Herpestes),  one  species  of  which  is  kept  as  a  domestic  animal  in  Egypt, 
f.nd  lives  upon  Snakes,  Lizards,  the  eggs  of  the  Crocodile,  and  small 
itvlammals. 

ti  Among  the  numerous  other  forms  which  are  referred  to  the  Viverridm 
'  nay  be  mentioned  the  Paradoxurus  of  the  Indian  province  ;  the  prehensile- 
ailed  "Benturongs"  {ArcHciis)  of  India,  and  Sumatra  and  Java;  the 
^  eb-footed  Cynogale  of  Borneo  ;  the  "  Mangue  "  {Crossarchus)  of  Western 
Vfrica  ;  the  "  Suricate  "  {Suricata)  of  South  Africa  ;  and  the  curious  Crypto- 
rocta  of  Madagascar. 

Forming  a  transition  between  the  Viverridce  and  the  Feltdce 
5  the  family  of  the  Hycenida,  distinguished  by  the  fact  that, 
lone  of  all  the  Carnivora,  both  pairs  of  feet  have  only  four 
oes  each.    The  hind-legs  are  shorter  than  the  fore-legs,  so 
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that  the  trunk  sinks  towards  the  hind-quarters,  and  the  tail  fs 
short.  The  tongue  is  rough  and  prickly.  The  head  is  ex- 
tremely broad,  the  muzzle  rounded,  and  the  muscles  of  the  jaw 
extremely  powerful  and  well  developed.  The  claws  are  non- 
retractile.  All  the  molars  are  trenchant  except  the  last  upper 
molar,  which  is  tuberculate.  The  upper  carnassial  has  a  small 
internal  tubercle,  and  the  lower  carnassial  is  wholly  trenchant. 
There  is  a  deep  glandular  pouch  beneath  the  anus. 

There  are  two  well-known  species  of  Hyasna,  and  the  whole  1 
group  is  exclusively  confined  to  the  Old  World.    The  best-  * 
known  species  is  the  Striped  Hyasna  {Hyana  striata),  which  is  1 
found  in  North  Africa,  Asia  Minor,  Arabia,  and  Persia.    It  is 
an  ill-conditioned  ferocious  beast,  but  will  not  attack  man  unless  i 
provoked.    The  Spotted  Hyaena  {H.  crocuta)  occurs  solely  in  ^  I 
Africa,  being  especially  abundant  in  Cape  Colony. 

Closely  allied  to  the  Hysenas  is  the  curious  Aardwolf  {Pro- 
teles),  of  South  Africa,  sometimes  raised  to  the  rank  of  a  dis- 
tinct family  {Protelidce).  It  has  the  fore-feet  pentadactylous, 
and  the  hind-feet  tetradactylous  (as  in  the  Dogs).  It  is  a  noc- 
turnal burrowing  animal,  about  as  large  as  a  Fox,  and  of  a 
yellowish-gray  colour,  with  black  stripes  on  the  sides,  and  it 
feeds  on  White  Ants  and  carrion. 

The  next  family  is  that  of  the  Canidce,  comprising  the  Dogs, 
Wolves,  Foxes,  and  Jackals.  The  members  of  this  family 
are  characterised  by  having  pointed  muzzles,  smooth  tongues, 
and  non-retractile  claws.    The  fore-feet  have  five  toes  each, 
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the  hind-feet  have  only  four.  The  molar  teeth  are  — some- 
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times  and  of  these,  two  or  three  on  each  side  are  tuber- 
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culate.    The  carnassial  has  a  tolerably  large  heel,  or  process. 

The  true  Dogs  {i.e.,  the  Dog  and  Wolf)  have  round  or 
oblique  pupils,  and  a  tail  which  is  of  moderate  length  and 
rarely  very  hairy.  The  Foxes  (  Vulpes)  have  very  long  bushy 
tails,  and  the  pupil  contracts  to  a  mere  line. 

The  Dog  {Canis  familiaris)  is  only  known  to  us  at  the  present  day  as  a 
domesticated  animal.    Such  wild  dogs  as  there  are,  are  probably  merely 
derived  from  the  domestic  dog  ;  and  the  original  stock,  or  stocks,  from  * 
which  our  numerous  varieties  of  dogs  have  sprung,  is  still  uncertain.    It  is  I 
worth  while  remembering,  however,  that  all  our  varieties  of  dogs  are  capa-  | 
ble  of  interbreeding ;  and  there  is  a  strong  probability  that  the  Wolf  is  the 
parent  stock  of  at  least  some  of  our  domestic  breeds.    The  Dog,  in  fact, 
will  interbreed  with  both  the  Wolf  and  the  Jackal.    The  "native  dog  j 
{Canis  dingo)  of  Australia  is  generally  supposed  to  be  only  a  variety  of  the  | 
Canis  familiaris,  and  this  is  certainly  the  case  with  the  so-called  "native  j 
dog  "  of  New  Zealand,  ) 
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The  genus  Cattts,  besides  the  Dog,  contains  the  well-known  Jackal 
{Canis  aureus)  and  the  Wolf  {Canis  hcpus),  and  many  writers  place  the 


Foxes  in  the  same  genus.  The  Foxes,  however,  are  better  considered  as 
forming  a  separate  genus  {Vulpes),  of  which  there  are  many  species,  all 
more  or  less  like  the  common  Fox  {Vulpes  vulgaris).  One  of  the  most 
remarkable  species  is  the  Arctic  Fox,  which  abounds  in  the  Arctic  regions, 
and  changes  its  colour  with  the  season,  being  brown  or  bluish  in  summer, 
and  white  in  winter.  The  soles  of  its  feet  are  hairy.  Other  well-known 
Foxes  are  the  Red  Fox  ( V.  fulvus)  of  North  America,  the  Deccan  Fox 
[F.  Bengalensis)  of  India,  and  the  Caama  {V.  Caama)  of  Africa. 

The  Jackals  have  a  round  pupil  and  a  dental  formula  like  that  of  the 
Dogs.  They  inhabit  Asia  and  Africa,  are  gregarious,  hunt  in  packs,  and 
burrow  in  the  ground. 

One  of  the  most  aberrant  members  of  the  Canidm  is  the  curious  Lycaon 
pictus  or  "  Hunting  Dog"  of  South  Africa,  which  agrees  with  the  Dogs 
in  its  dentition  and  osteology,  but  resembles  the  Hyaenas  in  the  fact  that 
all  the  feet  are  tetradactylous. 

The  last  group  of  the  Digitigrada  is  that  of  the  Felida  or 
Cat  tribe,  comprising  the  most  typical  members  of  the  whole 
order  of  the  Carnivoi-a,  such  as  the  Lions,  Tigers,  Leopards,  Cats, 
and  Panthers.  The  members  of  this  family  all  walk  upon  the 
tips  of  their  toes,  the  soles  of  their  feet  being  hairy,  and  the 
whole  of  the  metacarpus  and  heel  being  raised  above  the 
ground  (fig.  376,  C).  The  jaws  are  short,  and  owing  to  this 
fact,  and  to  the  great  size  of  the  muscles  concerned  in  masti- 
cation, the  head  assumes  a  short  and  rounded  form,  with  an 
abbreviated  and  rounded  muzzle.  The  molars  and  prasmolars 
are  fewer  in  number  than  in  any  other  of  the  Carnivora  (hence 
the  shortness  of  the  jaws),  and  they  are  all  trenchant,  except 
the  last  molar  in  the  upper  jaw,  which  is  tuberculate.  The 
upper  carnassial  has  three  lobes,  and  a  blunt  heel  or  internal 
process.  The  lower  carnassial  has  two  cutting  lobes,  and  no 
internal  process.    According  to  Owen,  the  dental  formula  is — 


Fig.  380. — Skull  of  Jackal  (jCaftis  aureus). 
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The  legs  are  nearly  of  equal  size,  and  the  hind-feet  have 
only  four  toes  each,  whilst  the  fore-feet  have  five.  All  the 
toes  are  furnished  with  strong,  curved,  retractile  claws,  which 
when  not  in  use,  are  withdrawn  within  sheaths  by  the  action  of 
elastic  ligaments,  so  as  not  to  be  unnecessarily  blunted.  The 
tongue  is  roughened  and  rendered  prickly  by  the  presence  of 
horny  papillos,  thus  rendering  it  a  most  efficient  rasp  in  licking 
the  flesh  from  the  bones  of  the  prey.  All  the  members  of  this 
group  are  exceedingly  light  upon  their  feet,  and  are  exces- 
sively muscular,  and  they  have  all  the  habit  of  seizing  their 
prey  by  suddenly  springing  upon  it. 

It  is  questionable  if  any  good  genera  have  hitherto  been 
established  in  this  family,  as  far  as  recent  forms  are  concerned, 
and  all  the  living  species  may  be  considered  as  belonging  to 
the  single  genus  Felis. 


Fig.  381. — Side  view  of  the  skull  of  the  Lion  {Felis  leo). 


The  Lion  {Felis  led)  is  too  well  known  to  require  much  special  notice. 
Its  colour  is  always  uniform,  generally  a  yellowish  or  reddish  brown.  The 
tail  is  terminated  by  a  tuft  of  long  hairs,  and  the  male  is  usually  furnished 
with  a  mane,  which  is  very  short,  however,  in  an  Indian  form.  The  Lion 
is  exclusively  confined  to  the  Old  World,  and  is  an  inhabitant  of  Africa 
and  the  southern  parts  of  Asia.  It  is  doubtful  how  far  any  valid  species 
of  Lions  have  as  yet  been  established.  The  Lions  are  all  nocturnal,  and 
capture  their  prey  by  suddenly  leaping  upon  it.  Tliey  are  by  no  means 
the  generous  and  courageous  animals  they  are  generally  considered  to  be  ; 
but,  on  the  contrary,  are  cruel,  cunning,  and  cowardly.  They  are  enor- 
mously strong,  and  it  is  said  that  a  full-grown  Lion  can  ran,  and  evea 
leap,  though  carrying  an  ox  in  its  jaws.  Though  now  much  restricted  in 
in  its  range,  the  Lion  had  formerly  a  much  more  extensive  distribution,  a 
form  considerably  larger  than  the  modern  species  having  formerly  existed 
in  Europe,  and  even  in  Britain  {Felis  spelad).  High  authorities,  however, 
doubt  if  the  "Cave  Lion"  is  specifically  separable  from  the  existing 
leo. 

In  the  Tigers  {Felis  tigris),  the  tail  is  without  a  tuft  of  hairs  at  its  ex- 
tremity, and  the  skin  is  marked  with  stripes  or  spots.    The  Royal  or 
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Bengal  Tiger  is  a  native  of  southern  Asia,  but  occurs  also  in  Java  and 
Sumatra.  The  skin  is  reddish  yellow,  marked  with  numerous  transverse 
black  stripes.  It  is  a  large  and  powerful  animal,  and  upon  the  whole, 
is  probably  a  more  dangerous  opponent  than  even  the  Lion. 

Of  the  large  Spotted  Cats,  the  largest  is  the  Jaguar  {Felis  ottca),  which 
inhabits  South  America  and  the  southern  parts  of  North  America.  It  is  a 
very  large  and  powerful  animal,  said  to  be  able  to  carry  a  bullock  without 
difficulty,  and  it  can  both  swim  and  climb  with  great  facility.  Another 
American  species  is  the  Puma  {Felis  concolor),  in  which  the  colour  is  uni- 
formly reddish  brown.  It  is  exclusively  confined  to  America,  and  though 
of  large  size  (nine  feet  in  length,  including  the  tail),  it  is  a  very  cowardly 
species,  and  is  seldom  or  never  known  to  attack  man.  . 

The  Leopard  [Felis  leopardns)  is  another  well-known  species,  smaller  than 
the  Tiger,  and  marked  with  black  spots  in  place  of  stripes.  It  is  a  native 
of  all  the  warmer  parts  of  the  Old  World. 

The  Panther  is  probably  merely  a  variety  of  the  Leopard,  and  the 
Ounce  {Felis  uncia)  is  generally  believed  to  be  only  its  immature  form. 
Another  allied  form  is  the  Cheetah  or  Hunting  Leopard  {Felis  jiibata)  of 
southern  Asia  and  Africa,  which  is  often  raised  to  the  rank  of  a  distinct 
genus  under  the  name  of  Cyncebtriis. 

Of  the  smaller  Felidce,  the  best  known  ai"e  the  Lynxes  and  the  Cats, 
properly  so  called.  Of  these  the  Lynxes  are  distinguished  by  their  short 
tails,  and  by  the  fact  that  the  ears  are  furnished  with  a  pencil  of  hairs. 
They  differ  so  much  from  the  other  Felida  as  to  be  often  placed  in  a  sepa- 
rate genus  {Lymciis).  The  ,best  known  species  are  the  European  Lynx 
{Felis  lynciis),  the  Caracal  {F.  caracal)  of  southern  Asia  and  Africa,  and 
the  Canadian  Lynx  {F.  Canadensis)  of  North  America.  In  the  true  Cats 
{Felis  catus)  the  tail  is  long,  and  the  ears  are  not  tufted.  The  Wild  Cat 
formerly  abounded  in  Britain,  but  is  now  almost  extinct,  though  it  still 
occurs  in  Europe,  especially  in  the  Hartz  and  Carpathian  Mountains.  It 
is  a  large  and  fierce  animal,  and  appears  to  be  quite  a  match  for  any  man 
not  possessing  firearms.  It  seems  tolerably  certain  that  the  Wild  Cat  is 
not  the  original  stock  of  the  Domestic  Cat,  the  exact  origin  of  which  is  un- 
certain. It  has  been  supposed,  however,  that  the  Domestic  Cat  is  de- 
scended from  a  small  species  {Felis  maniculata)  which  occurs  in  Nubia. 

As  regards  the  distribution  of  the  Carnivora  in  Ume,  the 
order  does  not  appear  to  be  represented  earlier  than  the 
Eocene  period,  though  our  knowledge  on  this  subject  is  cer- 
tainly defective,  as  shown  by  the  fact  that  the  oldest  forms  at 
present  known  are  referable  to  highly  speciaHsed  groups. 

The  aquatic  Carnivores  {Pinnipedid)  appear  to  commence 
in  the  Miocene  Tertiary,  but  they  are  principally  known  as 
Post-Tertiary  fossils. 

_  The  great  family  of  the  Ursidce  is  represented  in  Miocene 
times  by  the  genus  Amphicyon,  which  has  certain  affinities  with 
the  CaftidcB.  True  Bears  first  appear  during  the  Pliocene,  and 
in  the  Post-Pliocene  period  Europe  possessed  several  Bears,  of 
which  the  well-known  "  Cave-Bear  ( Ursns  spdcEiis)  is  the  best 
known. 

The  Frocyonidat  are  doubtfully  known  in  deposits  anterior 
to  the  Post- Pliocene. 
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The  MustcUda  date  back  to  the  Miocene,  but  present  no 
points  of  special  interest. 

The  Viverridce  are  an  ancient  group,  and  are  represented 
by  a  number  of  extinct  types.  Two  Viverrine  forms  {Tylodon 
and  Palaojiyctis)  occur  in  the  Eocene  Tertiary  of  Europe  ;  and 
in  the  Miocene  are  found  several  interesting  examples  of  the 
group,  of  which  the  most  remarkable  is  the  genus  Ictilherium, 
which  is  in  some  respects  nearly  allied  to  the  Hyaenas. 

The  Hyanidce  are  not  known  from  deposits  older  than  the 
Upper  Miocene,  but  the  best  known  fossil  member  of  this 
family  is  the  Cave-Hyaena  {H.  spclcea)  of  the  Post-Pliocene, 
which  is  probably  but  a  variety  of  the  living  Hyana  crociita. 

The  family  of  the  Catiidce  seems  to  be  the  oldest  of  the 
families  of  the  Carnivora,  and  is  represented  in  the  Eocene 
period  by  several  genera  {Cynodictis,  Galet/iylax,  &c.)  We 
may  also  provisionally  place  here  the  extraordinary  extinct 
genus  Ardocyon,  which  occurs  in  the  lowest  Eocene  deposits, 
and  is  the  oldest  example  of  the  order  Carnivora  at  present 


Fig.  382.— A,  Skull  of  Machairodiis  cultridctis,  without  the  lower  jaw,  reduced  m 
size.    B,  Canine  tooth  of  the  same,  one-half  the  natural  size.    Pliocene,  France. 


known.  In  the  later  Tertiary  and  Post-Tertiary,  various  ex- 
tinct forms  of  this  family  are  likewise  known  to  occur. 

Lastly,  the  family  of  the  Felidce  appears  to  commence  in  the 
Lower  Miocene  (Eocene  ?),  the  best  known  extinct  type  of  this 
family  being  the  genus  Machairodiis  (fig.  382),  including  the 
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so-called  "  sabre-toothed  Tigers."  In  this  wonderful  genus  we 
are  presented  with  the  most  highly  carnivorous  type  of  all 
known  beasts  of  prey.  Not  only  are  the  jaws  shorter  in  pro- 
portion than  those  of  the  most  rapacious  of  existing  FelidcB,  but 
the  canine  teeth  are  of  enormous  size,  compressed  and  sabre- 
shaped,  and  having  their  margins  finely  serrated.  Species  of 
Machairodus  must  have  been  as  large  as  the  living  Lion ;  and 
the  genus  has  an  extraordinary  range  both  in  time  and  space, 
occurring  in  North  and  South  America,  in  India,  and  in  Eu- 
rope, and  extending  from  the  Miocene  to  the  Human  period. 


CHAPTER  LXXVII. 
RODENTIA. 

Order  XIII.  Rodentia. — The  thirteenth  order  of  Mammalia 
is  that  of  the  Rodentia,  or  Rodent  Animals,  often  spoken  of  as 
Glires,  comprising  the  Mice,  Rats,  Squirrels,  Rabbits,  Hares, 
Beavers,  &c. 

The  Rodentia  are  characterised  by  the  possession  of  two  long 
curved  incisor  teeth  in  each  jaw,  separated  by  a  wide  interval  from 
the  molars.  The  lower  jaw  netier  has  more  thaii  two  of  these  in- 
cisors, and  the  upper  jaw  very  rarely ;  but  sometimes  there  are 
four  tipper  incisors.  There  are  no  canine  teeth,  and  the  molars 
and  prczmolars  are  few  in  number  {rarely  more  than  four  on  each 
side  of  the  jaw).  The  feet  are  tcsually  furnished  with  five  toes 
each,  all  of  which  are  armed  with  claws  ;  and  the  hallux,  when 
present,  does  not  differ  in  form  from  the  other  digits.  The  testes 
pass  periodically  from  the  abdomen  into  a  temporary  scivtum,  and 
the  placenta  is  discoidal  and  deciduate. 

The  most  characteristic  point  about  the  Rodents  is  to  be 
found  in  the  structure  of  the  incisors,  which  are  adapted  for 
continuous  gnawing — hence  the  name  of  Rodentia.  The  in- 
cisor teeth  are  commonly  two  in  each  jaw,  and  they  grow  from 
persistent  pulps,  so  that  they  continue  to  grow  throughout  the 
life  of  the  animal.  They  are  large,  long,  and  curved  (fig.  383, 
A),  and  are  covered  anteriorly  by  a  plate  of  hard  enamel. 
The  back  part  of  each  incisor  is  composed  only  of  the  com- 
paratively soft  dentine,  so  that  when  the  tooth  is  exposed  to 
attrition,  the  soft  dentine  behind  wears  away  more  rapidly  than 
the  hard  enamel  in  front.    The  result  of  this  is  that  the  crown 
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of  the  tooth  acquires  by  use  a  chisel-like  shape,  bevelled  away 
behnid,  and  the  enamel  forms  a  persistent  cutting  edge. 

The  gnawing  action  of  the  incisors  is  assisted  by  the  articu- 
lation  of  the  lower  jaw,  the  condyle  of  which  is  placed  longi. 


Fig.  383. — A,  Side-view  of  the  skull  of  Sciurus  {Cynovtys)  Lndovta'anus ;  B,  Molar 
teeth  of  the  upper  jaw  of  the  Beaver  (Castor fiber).    (After  Giebel.) 


tudinally  and  not  transversely,  so  that  the  jaw  slides  backward 
and  forwards.  The  molars,  consequently,  have  flat  crowns 
(fig.  383,  B),  the  enamelled  surfaces  of  which  are  always 
arranged  in  transverse  ridges,  in  opposition  to  the  antero- 
posterior movements  of  the  jaw.  The  intestine  is  very  long, 
and  the  caecum  voluminous  (rarely  wanting).  The  brain  is 
nearly  smooth,  and  without  convolutions.  The  orbits  are  not 
separated  from  the  temporal  fossae,  and  the  eyes  are  directed 
laterally.  The  Rodents  are  almost  all  very  small  animals,  and 
they  are  mostly  very  prolific.  They  subsist  principally,  if  not 
entirely,  upon  vegetable  matters,  especially  the  harder  parts  of 
plants,  such  as  the  bark  and  roots.  Many  of  them  possess  the 
power  of  building  elaborate  nests,  and  most  of  them  hybernate. 
They  are  very  generally  distributed  over  the  whole  world,  but 
no  member  of  the  order  has  hitherto  been  detected  in  rocks 
older  than  the  Eocene  Tertiary. 

The  order  Rodentia  comprises  a  very  large  number  of  fami- 
lies, which  can  be  merely  noticed  here. 

Fam.  I.  Leporidce.  —  In  this  family  are  the  Hares  {Lcpus 
timidiis)  and  Rabbits  {Lepus  cuniailus),  distinguished  amongst 
the  Rodents  by  the  possession  of  two  small  incisors  in  the 
upper  jaw,  placed  behind  the  central  chisel-shaped  incisors,  so 
that  there  are  four  upper  incisors  in  all.  The  molars  and  prse- 
molars  are  rootless,  and  the  dental  formula  is — 

.2-2     ,^  ^,,,3z-3:  ;;,3-3  =  28. 
I  — I       0—0   ^    2—2'  3—3 
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The  clavicles  are  imperfect.  The  fore-legs  are  furnished 
with  five  toes,  and  are  considerably  shorter  than  the  hind-legs, 
which  have  only  four  toes.  The  two  orbits  communicate  by 
an  aperture  in  the  septum.  Generally  there  is  a  short  erect 
tail. 

The  common  Hare  {Lepiis  timidus)  is  dispersed  over  the 
-whole  of  Europe,  but  is  not  met  with  in  Sweden  and  Norway, 
its  place  there  being  taken  by  the  Mountain-hare  (white  in 
winter),  which  occurs  commonly  in  Scotland.  As  a  rule,  the 
Hares  occur  in  temperate  regions,  but  some  are  found  in 
Africa,  and  one  species  {Lepus  glacialis)  is  a  native  of  the  Arctic 
regions,  whilst  the  common  American  Hare  (Z.  Americanus) 
extends  from  Canada  to  Mexico.  The  Rabbit  is  also  a  native 
of  temperate  regions,  but  appears  to  thrive,  to  a  more  than 
average  extent,  in  Australia. 

Fain.  2.  Lagomyda. — In  the  Calling  Hares  or  Pikas  {Lago- 
mys),  which  form  this  family,  the  legs  do  not  differ  much  in 
size,  there  is  no  visible  tail,  and  the  clavicles  are  nearly  com- 
plete.   They  are  found  in  Russia,  Siberia,  and  North  America. 

Fam.  Cavidm. — As  examples  of  this  family  may  be  taken 
the  Capybara  {Hydrocharus  capybard)  and  the  Guinea-pig 
{Cavid).  In  this  family  the  body  is  covered  with  hair,  without 
spines,  and  the  tail  is  rudimentary.  The  Capybara  is  the 
largest  of  living  Rodents,  attaining  a  length  of  three  or  four 
feet.  It  is  a  South  American  form,  leading  a  semi-aquatic 
life,  to  which  end  the  feet  are  incompletely  webbed.  It  is  a 
harmless  stupid  animal,  and  is  not  unlike  a  small  pig  in  appear- 
ance. The  Cavia  apercea  is  likewise  a  South  American  animal, 
and  is  believed  to  be  the  parent  stock  of  the  Guinea-pigs  so 
often  kept  as  domestic  pets  in  Europe.  To  the  same  group 
as  the  Capybara  belong  the  Agoutis  {Dasyproctd)  and  the  Pacas 
{Ccelogoiys),  all  of  which  have  eight  rootless  molars  in  each 
jaw,  whilst  the  two  former  have  four  toes  to  the  fore-feet,  and 
three  toes  on  the  hind-feet.  The  various  species  of  Agouti  are 
found  in  South  America  and  the  West  Indies,  whilst  the  Pacas 
are  exclusively  South  American, 

Fain.  4.  HystricidcB. — In  this  family  are  the  well-known  Por- 
cupines, distinguished  from  the  other  Rodents  by  the  fact  that 
the  body  is  covered  with  long  spines  or  "  quills,"  mixed  with 
bristly  hairs.  They  have  four  molars  on  each  side  of  each  jaw, 
and  they  possess  imperfect  clavicles. 

The  true  Porcupines  {Hystrix)  have  non -prehensile  tails, 
3vhich  are  mostly  furnished  with  long  hollow  spines,  but  some- 
times with  scales  and  bristles.  As  at  present  restricted,  they 
are  found  in  the  Old  World  onl)^    They  are  mostly  inhabit- 
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ants  of  hot  climates,  with  the  exception  of  the  common  Por- 
cupine {H.  cristata),  which  occurs  in  southern  Europe  and  in 
the  north  of  Africa.    In  the  genus  Atherura  of  Asia  and  the ' 
Indian  Archipelago,  the  tail  is  terminated  by  a  bundle  of  flat- 
tened horny  strips. 

Fain.  5,  Cenolabidce. — This  family  is  hardly  separable  from 
the  preceding,  the  chief  difference  being  that  the  animals  com- 
posing  it  spend  more  or  less  of  their  lives  in  trees,  and  are, 
therefore,  _  adapted  for  climbing.  The  Cercolabida  comprise 
the  American  Porcupines,  of  which  the  principal  genera  are 
Ei-ethizon  and  Cercolabes.  In  the  genus  Erethizon,  represented 
by  the  Canada  Porcupine  {E.  dorsatum)  of  North  America,  the 
quills  are  short,  and  are  half  hidden  in  the  hair,  and  the  tail  is 
non-prehensile. 

The  nearly  allied  genus  Cercolabes  is  South  American,  and  it 
is  distinguished  from  the  preceding  by  the  possession  of  a 
long  prehensile  tail.  In  fact,  Cercolabes,  like  so  many  of  the 
inhabitants  of  this  wonderful  continent,  is  adapted  for  an  arbo- 
real life,  instead  of  being  confined  to  the  ground. 

Earn.  6.  OctodoniidcB. — This  family  includes  a  large  numbe 
of  Rodents  which  are  principally  South  American  and  African 
{Octodon,  Echimys,  Ctenomys,  &c.).  The  best  known  species* 
is  the  beaver-like  Coypu  {Myopotamus  coypiis)  of  South  Ame- 
rica, in  which  the  hind-feet  are  webbed,  and  the  tail  is  long 
and  rounded.  It  inhabits  burrows  in  the  sides  of  streams,  and 
it  leads  a  semi-aquatic  life. 

Earn.  7.  CJiinchillidce. — This  family  includes  some  South 
American  Rodents,  of  which  the  true  Chinchillas  {Chinchdld) 
are  the  best  known.  They  are  small  nocturnal  animals,  strictly 
terrestrial  in  their  habits,  and  having  the  hind-legs  consider- 
ably longer  than  the  fore-legs.  The  Alpine  Viscachas  {Lagi- 
dhim)  live  on  the  Andes  up  to  heights  of  16,000  feet;  and  the 
Viscacha  of  the  plains  {Lagostomus)  inhabits  the  South  American 
pampas. 

Earn.  8.  Castoridce. — The  best-known  example  of  this  family 
is  the  beaver  {Castor  fiber).  The  distinctive  peculiarities  of 
the  family  are  the  presence  of  distinct  clavicles,  the  posses- 
sion of  five  toes  to  each  foot,  and  the  fact  that  the  hind-feet 
are  webbed,  adapting  the  animal  to  a  semi-aquatic  life. 

The  Beaver  is  a  large  Rodent,  attaining  a  length  of  from 
two  and  a  half  to  three  feet.  Naturally  it  is  a  social  animal, 
living  in  societies,  and  this  is  still  the  case  in  America,*  but  in 
northern  Europe  and  Asia,  where  the  animal  has  been  much 

*  The  American  Beaver  is  sometimes  considered  to  be  a  distmct  species 
{Castor  Ciinadaisis). 
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hunted,  it  leads  a  solitary  life.  When  living  in  social  commu- 
nities the  beavers  build  dams  across  the  rivers,  as  well  as  habi- 
tations for  themselves,  by  gnawing  across  the  branches  of  trees 
or  shrubs,  and  weaving  them  together,  the  whole  being  after- 
wards plastered  with  mud.  In  this  last  operation  the  tail,  which 
is  flattened  and  scaly,  is  employed  very  much  as  a  mason  uses 
his  trowel.  There  is  no  doubt  but  that  the  Beaver  shows  ex- 
traordinary ingenuity  in  these  and  similar  operations;  but  there 
can  be  equally  little  doubt  as  to  the  greatly-exaggerated  stories 
which  have  been  set  afloat  in  this  connection.  The  Beaver  is 
hunted  chiefly  for  the  sake  of  the  skin,  but  also  for  the  sub- 
stance known  as  castoreiim.  This  is  a  fatty  substance,  secreted 
by  peculiar  glands,  and  employed  as  a  therapeutic  agent. 

Fain.  9.  Saccomydce. — This  family  comprises  the  so-called 
Pouched  Rats  and  Gophers  of  North  America,  all  of  which 
have  large  external  cheek-pouches.  Some  of  them  {Geomys 
and  Thoinoinys)  have  the  fore  -  feet  greatly  developed,  and 
adapted  for  burrowing;  whilst  the  so-called  "Kangaroo-Rats" 
{Dipodomys)  have  very  long  hind-legs,  and  the  fore-limbs  are 
not  specially  developed. 

Fain.  ID.  Micridce. — The  next  family  of  Rodents  is  that  of 
the  Muridce,  comprising  the  Rats,  Mice,  and  Lemmings.  In 
this  family  the  tail  is  long,  always  thinly  haired,  sometimes 
naked  and  scaly.  The  lower  incisors  are  narrow  and  pointed, 
and  there  are  complete  clavicles.  The  hind-feet  are  furnished 
with  five  toes,  the  fore-feet  with  four,  together  with  a  rudi- 
mentary pollex. 

The  Rats  {Mus  rattus,  and  Miis  deaiinanus),  the  common 
Mouse  {Mus  nmsculus),  the  Field-mouse  {Mus  sylvaticus),  and 
the  Harvest-mouse  {Mtis  messorius)  are  all  well-known  examples 
of  this  family,  and  are  too  familiar  to  require  any  description. 
The  three  first  are  also  common  in  North  America,  though  not 
indigenous.  Closely  allied  to  the  true  Rats  are  the  Hamsters 
{Cricetus,  fig.  384),  and  the  Voles  {Arvicola);  the  latter  repre- 
sented by  many  species  in  both  Europe  and  America. 

A  less  familiar  example  of  this  family  is  the  Lemming  {Myodes 
lenimus).  This  curious  little  Rodent  is  found  inhabiting  the 
mountainous  regions  of  Norway  and  Sweden.  It  is  chiefly  re- 
hmarkable  for  migrating  at  certain  periods,  generally  towards  the 
approach  of  winter,  in  immense  multitudes  and  in  a  straight 
line,  apparently  in  obedience  to  some  blind  mechanical  im- 
pulse. In  these  journeys  the  Lemmings  march  in  parallel 
columns,  and  nothing  will  induce  them  to  deviate  from  the 
straight  Hne  of  march. 

The  Gerbilles  {Gerbillus),  though  closely  related  to  the 
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Jerboas,  are  generally  placed  in  this  family.  Here  also  may 
be  placed  the  Musquash  or  Ond.2i\x2,  {Fiber  zihethicus)  of  North 


I'  ig.  384. — Common  Hamster  (Cricettts  vulgaris). 


America,  which  leads  a  semi-aquatic  life,  and  has  the  tail  com- 
pressed, and  the  hind-feet  partly  webbed. 

Fajji.  II.  Dipodida, — The  next  family  of  the  Rodents  is  that 
of  the  DipodidcB  or  Jerboas,  mainly  characterised  by  the  dis- 
proportionate length  of  the  hind-limbs  as  compared  with 
the  fore-limbs.  The  tail  also  is  long  and  hairy,  and  there 
are  complete  clavicles.  The  Jerboas  live  in  troops,  and 
owing  to  the  great  length  of  the  hind-legs,  they  can  leap 
with  great  activity  and  to  great  distances.  They  are  all  of 
small  size,  and  inhabit  Russia,  North  Africa,  and  North 
America.  The  best-known  members  of  this  family  are  the 
common  Jerboa  {Dipus  yF.gypticus),  which  lives  in  societies 
and  constructs  burrows;  the  Jumping  Hare  {Pedetes  Capcnsis) 
of  South  Africa,  and  the  Jumping  Mouse  [Meriojies  Hiid- 
soniciis)  of  North  America. 

Fam.  12.  MyoxidcB. — The  members  of  this  family  are  com- 
monly known  as  Dormice,  and  they  are  often  included  in  the 
following  family  of  the  Squirrels  and  Marmots.  They  only 
require  to  be  mentioned,  as  they  must  not  be  confounded  with 
the  true  Mice  {Miirida)  on  the  one  hand,  or  the  Shrew-mice 
{Soricidce)  on  the  other;  the  latter,  indeed,  belonging  to  an- 
other order  i^Insedivord).  The  common  Dormouse  {Myoxus 
avellanarius)  is  a  British  species,  and  must  be  familiarly  known 
to  almost  everybody.  No  species  of  this  family  have  yet  been 
described  from  the  New  World. 

Fam.  13.  SciuridcB. — This  is  one  of  the  most  characteristic 
and  familiar  of  the  divisions  of  the  Rodents,  and  it  comprises 
the  true  Squirrels,  the  Flying  Squirrels,  and  the  Marmots. 
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The  true  Squirrels  {Scmrus)  are  familiarly  known  in  the 
person  of  the  common  British  species  {Sciurus  vulgaris)^  and 
the  equally  common  Grey  Squirrel  {S.  cinereus)  of  the 
United  States.  Numerous  species  more  or  less  closely  allied 
to  these  occur  in  other  countries,  and  they  are  especially 
abundant  in  North  America. 

In  the  genera  Pteromys  and  Scmropierus,  or  Flying  Squirrels, 
there  is  a  peculiar  modification  by  which  the  animal  can  take  ex- 
tended leaps  from  tree  to  tree.  The  skin,  namely,  extends  in 
the  form  of  a  broad  membrane  between  the  hind  and  fore  legs, 
and  this  acts  as  a  kind  of  parachute,  supporting  the  animal  in 
the  air.  There  is,  however,  no  power  whatever  of  true  flight, 
and  the  structure  is  identically  the  same  as  what  we  have  pre- 
viously seen  in  the  Flying  Phalangers  {Petatiriis),  which  take 
the  place  of  the  Flying  Squirrels  on  the  Australian  continent. 
The  Flying  Squirrels  are  found  in  southern  Asia,  Polynesia,  the 
north-east  of  Europe,  Siberia,  and  North  America. 

The  Marmots  (Arctomys),  unlike  the  true  Squirrels,  are  ter- 
restrial in  their  habits,  and  live  in  burrows.  Various  inter- 
mediate forms,  however,  are  known,  by  which  a  transition  is 
effected  between  the  typical  Squirrels  and  the  Marmots.  Such, 
for  example,  are  the  Ground  Squirrels  {Tamias)  of  Europe, 
Asia,  and  North  America.  There  are  numerous  species  of  this 
family  inhabiting  various  parts  of  Europe  and  northern  Asia, 
and  generally  distributed  over  the  whole  of  North  America. 
Good  examples  are  the  Alpine  Marmot  {A.  Alpiniis)  of 
Europe,  and  the  Prairie  Dog  {Cyjiomys  Ltidovicianus)  o{  'Hoxih. 
America. 

The  Pouched  Marmots  {Spei'inophilus)  have  cheek-pouches, 
and  are  widely  distributed  over  North  America,  northern 
Europe,  and  northern  Asia. 

Fain.  14.  Spalacida. — The  animals  comprised  in  this  family 
are  generally  known  as  "  Mole-rats."  They  have  a  stout  body, 
and  short  legs,  the  feet  being  five-toed,  and  adapted  for  bur- 
rowing. The  external  ears  are  small  or  wanting,  and  the  eyes 
are  extremely  minute  or  rudimentary.  The  Mole-rats  (.S/^a/^z^, 
Georychus,  &c.),  are  exclusively  found  in  the  Old  World,  and 
principally  in  Asia,  Africa,  and  south-eastern  Europe. 

As  regards  the  distribution  of  the  Rodentia  in  time,  very 
many  fossil  forms  are  known,  the  oldest  appearing  in  the 
Eocene _  Tertiary,  but  the  extinct  forms  offer  few  points  of 
special  interest.  The  families  of  the  Sciuridce,  Murida,  Myox- 
idce,  and  Octodontidce  (?),  have  representatives  in  the  Eocene, 
and  tlie  families  of  the  Dipodidcz,  Castoridce,  Hystricidce,  Ca- 
vidcE  (?),  and  Lagomydcz  in  the  Miocene  deposits.    The  Lepor- 
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tda  do  not  seem  to  have  made  their  appearance  earlier  than 
the  Phocene.    Amongst  the  fossil  Rodents  perhaps  the  most 

interesting  are  the  extinct  gen- 
era of  Beavers.  Of  these  the 
genera  Steneofibcr  and  Palceo- 
castor  are  Miocene;  Chali- 
coniys  is  Pliocene ;  the  great 
Trogontherhun  (fig.  385)  is 
Pliocene  and  Post-Pliocene, 
and  the  equally  gigantic  Cas- 
toroides  of  North  America  is 
also  found  in  the  Post-Plio- 
cene deposits. 


Fig.  385. — Jaw  of  T7-o^ontheriu7tt  Cuvieri. 
Post-Pliocene. 


CHAPTER  LXXVIII. 

CHEIROPTERA. 

Order  XIV.  Cheiroptera.*  —  This  order  is  undoubtedly 
"  the  most  distinctly  circumscribed  and  natural  group  "  in  the 
whole  class  of  the  Mammalia.  In  many  respects,  however,  it 
would  be  advantageous  to  regard  the  Cheiroptera  as  a  sub- 
order of  the  next  order  (namely,  the  Insectivora)  specially 
modified  to  lead  an  aerial  life;  just  as  the  Pinnigrada  are 
regarded  as  a  mere  section  of  the  Caniivora  specially  modified 
to  suit  an  aquatic  life. 

The  Cheiroptera  are  essentially  characterised  by  the  fact  that 
the  anterior  limbs  are  longer  than  the  posterior,  the  digits  of  the 
foi'e-limb,  with  the  exception  of  the  pollex,  being  enormously  elon- ' 
gated  (fig.  386).  These  elongated  fingers  are  united  by  an  cx- 
pa?ided  membrane  or  patagium,^^  which  is  also  extended  between 
the  fore  and  hind  limbs  and  the  sides  of  the  body,  and  in  many 
cases  passes  also  between  the  hind-limbs  and  the  tail.  The  pata- 
gitwi  thus  formed  is  naked,  or  nearly  so,  on  both  sides,  and  it 
serves  for  flight.  Of  the  fingers  of  the  hand,  the  pollex,  and 
sometimes  the  next  finger  as  ivell,  is  unguicidate,  or  furnished 
with  a  claw ;  but  the  other  digits  are  destitute  of  nails.  In  the 
hind  limbs  all  the  toes  aj-e  unguiculate,  and  the  hallux  is  not  in 
any  respect  different  from  the  other  digits.  WeU-developed  clavicles 
are  ahvays  present,  and  the  radius  has  no  power  of  rotation  upon 

*  The  Cheiroptera  were  placed  by  Linnreus  in  his  order  Primates,  which 
contained  also  the  Lemurs,  the  Apes,  and  Man. 
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ihe  ulna.  The  mammary  glands  are  two  in  number,  a?id  are 
placed  upon  the  chest.  There  are  teeth  of  three  kind$,  and  the 
canines  are  always  well  developed.  The  molars  are  tuberculate 
or  grooved  in  the  frugivorous  forms,  and  aispidate  in  the  insecti- 
vorous species.  The  ulna  is  sometimes  quite  rudimentary.  The 
bones  are  not pneumatic.  The  testes  are  abdominal  except  during 
the  breeding  season.  The  stomach  is  complex  and  the  in- 
testine long  in  the  fruit-eating  Bats ;  but  the  reverse  of  this 
obtains  amongst  the  insectivorous  forms.  The  Cheiroptera  are 
cosmopolitan  in  their  distribution,  and  the  oldest  known 
species  is  from  the  Eocene  Rocks. 

The  Bats  are  all  crepuscular  and  nocturnal  in  their  habits, 
and  are  sometimes  carnivorous,  sometimes  frugivorous.  The 
eyes  are  small,  but  the  ears  are  very  large,  and  their  sense  of 
touch  is  most  acute.  During  the  day  they  retire  to  caves  or 
crevices  amongst  the  rocks,  where  they  suspend  themselves  by 
means  of  the  short  thumbs,  which  are  provided  with  curved 
claws.  In  their  flight,  though  they  can  fly  in  the  genuine  and 
proper  sense  of  the  term,  and  can  turn  with  great  ease,  they 
are  by  no  means  as  rapid  and  as  active  as  are  the  true  birds. 
The  tail  is  sometimes  short,  sometimes  moderately  long,  and 
is  usually  included  in  a  continuation  of  the  leathery  patagium, 
which  stretches  between  the  hind  -  legs,  and  is  termed  the 
"  inter-femoral  membrane."  The  body  is  covered  with  hair, 
but  the  patagium  is  usually  hairless,  or  nearly  so.  Most  of 
the  Bats  hybernate. 

The  Cheijvptera  are  conveniently  divided  into  the  two  sec- 
tions of  the  Insectivora  and  Frugivora,  according  as  the  diet 
consists  of  insects  or  of  fruits. 

Section  A.  Insectivora  {Microcheiroptera). — In  this  section 
are  the  four  families  of  the  Vespertiiionidce,  Rhinolophidce, 
Noctilionidce,  and  Phyllostomidce. 

Fam.  I.  Vespertiiionidce.  —  In  this  family  are  the  ordinary 
Bats,  distinguished  by  having  a  dentition  very  like  that  of  the 
order  of  the  Insectivorous  Mammals,  the  molar  teeth  being 
furnished  with  small  pointed  eminences  or  cusps,  adapted  for 
crushing  insects,  and  the  incisors  being  of  small  size.  The 
nose  is  not  furnished  with  leaf-like  appendages,  and  the  tail  is 
usually  elongated,  and  enclosed  in  a  large  inter-femoral  mem- 
brane. About  fifteen  species  of  this  family  have  been  de- 
scribed as  British,  but  of  these  only  two  are  at  all  common. 
Of  these  two,  the  Pipistrelle  {Vespertilio  pipistrclla)  is  the 
commonest  species,  occurring  over  the  whole  of  Britain.  The 
long-eared  Bat  {Flecotus  auritus)  is  also  not  uncommon,  and 
is  distmguished  by  its  greatly  elongated  ears,  which  are  con- 
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fluent  above  the  forehead.  The  largest  British  species  is  the 
Noctule  ( VespertiUo  noclula),  which  measures  as  much  as  fifteen 
inches  in  expanse  of  wing. 

Fam.  2.  RhinolophidcE.—i:\\Q  second  family  of  the  Insec- 
tivorous Bats  is  that  of  the  Rhinolophidce  or  Horse-shoe  Bats, 


Fig.  386.— Skeleton  of  Fox-bat  {Pteropus).    (After  Owen.) 

which  in  most  respects  are  very  similar  to  the  Vespertilionida, 
but  are  distinguished  by  the  possession  of  a  complex  leaf-like 
apparatus  appended  to  the  nose.  Of  this  family,  two  British 
species  are  known — the  Greater  and  Lesser  Horse-shoe  Bats 
{Rhinolophus  ferrum-eqiiinuin  and  R.  hipposideros). 

Most  of  the  Horse-shoe  Bats  are  Asiatic  and  African,  a  few 
being  found  in  Australia.  The  genera  Nyderis  and  Megadmna 
are  sometimes  separated  to  form  a  distinct  family  {Nyderida). 

Fain.  3.  Nodilionidce. — In  this  family  are  a  number  of  Bats 
which  are  principally  South  American,  African,  and  Asiatic, 
and  which  are  distinguished  from  the  VespertilionidcB  by  the 
fact  that  the  tail  usually  perforates  the  inter-femoral  membrane, 
and  the  incisors  are  of  large  size. 

Fain.  4.  PhyllostomidcR. — This  is  the  only  remaining  family 
of  the  Insectivorous  Bats,  and  comprises  the  well-known  Vam- 
pire-bats (fig.  387,  A),  distinguished  by  having  leaf-like  nasal 
appendages,  and  by  the  fact  that  the  ears  are  of  small  size ; 
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whereas  in  the  preceding  they  are  always  very  large  {Rhinolo- 
phus),  and  are  often  confluent  above  the  forehead  {Megadenna). 


Fig.  387.— A,  Head  of  Vampire-bat  {Alectops  ater)  ;  B,  Head  of  Fox-bat 
{Pteropus  ■personatus).    (After  Gray.) 


They  are  all  of  large  size,  and  are  natives  of  South  America, 
extending  northwards  to  Mexico  and  California.  The  Vam- 
pire-bat {Phyllostoma  spectrum)  has  an  expanse  of  wing  of  two 
feet  and  a  half,  and  lives  chiefly  upon  insects.  It  also  has  the 
habit  of  sucking  the  blood  of  sleeping  animals,  appearing 
sometimes  to  attack  even  man,  though  apparently  never  doing 
any  substantial  or  lasting  injury. 

Section  B.  Frugivora  {Megacheiroptera).  —  In  the  fruit- 
eating  section  of  the  C/teh'optera  are  only  the  Pteropidce  or  the 
Fox-bats,  so  called  from  the  resemblance  of  the  head  to  that 
of  a  fox  (fig.  387,  B).  The  head  in  these  bats  is  long  and 
pointed.  The  ears  are  of  moderate  size,  and  the  nose  is 
destitute  of  any  appendages.  Cutting  incisors  and  canines 
are  present  in  both  jaws,  and  the  Fox-bats  do  not  refuse  to  eat 
small  birds  or  mammals.  They  live,  however,  mostly  upon 
fruits,  and  the  molars  are  therefore  not  cuspidate,  but  are 
furnished  with  blunt  tubercular  crowns.  The  tail  is  very  short, 
or  is  entirely  absent.  The  Pteropidce  are  amongst  the  largest 
of  the  Bats,  one  species — the  Pteropus  edulis,  or  Kalong — 
attaining  a  length  of  from  four  to  five  feet  from  the  tip  of  one 
wing  to  that  of  the  other.  The  Pteropidce  are  especially  char- 
acteristic of  the  Pacific  Archipelago — Java,  Sumatra,  Borneo, 
&c. — but  they  also  occur  in  Asia,  Australia,  and  Africa.  They 
do  not  occur,  however,  in  either  North  or  South  America. 

As  regards  the  distribution  of  the  Cheiroptera  in  ti?jie,  the 
order  dates  from  the  Eocene  Tertiary,  where  we  find  the  re- 
mains of  VespertiliojiidcB,  essentially  similar  to  existing  forms. 
Professor  Marsh  has  also  detected  the  remams  of  the  first 
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American  Tertiary  Bats  hitherto  discovered  in  the  Eocene  of 
Wyoming.  No  fossil  remains  of  Ptcropidx  are  known,  but 
the  bone-caves  of  Brazil  (Post-PHocene)  have  yielded  traces 
of  several  species  of  Phyllosto^nida. 


CHAPTER  LXXIX. 

INSECTIVORA. 

Order  XV.  Insectivora. — The  fifteenth  order  of  Mammals  is 
that  of  the  Insectivora^  comprising  a  number  of  small  Mammals 
which  are  very  similar  to  the  Rodents  in  many  respects,  but 
want  the  peculiar  incisors  of  that  order,  and  are  likewise  always 
furnished  with  clavicles. 

In  the  Insectivora,  all  the  three  kinds  of  teeth  are  usually  pre- 
sent, but  the  exact  nature  of  the  dentition  varies  considerably  in 
different  cases.  The  incisors  and  canines  present  little  special,  but 
the  molars  are  always  serrated  with  numerous  small  pointed 
eminences  or  cusps,  adapted  for  crushing  insects.  With  one  ex- 
ception, clavicles  are  always  present  in  a  complete  form.  All  the 
feet  are  usually  furnished  with  five  toes  ;  all  the  toes  are  furnished, 
rvith  claws  ;  and  the  animal  walks  on  the  soles  of  the  feet,  or  is 
plantigrade.  The  testes  pass  pei'iodically  from  the  abdomen  into  a 
temporary  scrotum  ;  a?id  the  placenta  is  deciduate  and  discoidal. 
They  are  mostly  nocturnal  and  subterranean,  and  generally 
hybernate.  They  are  all  of  small  size,  and  are  found  every- 
where, except  in  the  continents  of  South  America  and  Aus- 
tralia, where  their  place  is  filled  by  Marsupials. 

The  order  Insectivora  has  been  divided  variously  by  differ- ' 
ent  authorities,  but  the  following  are  the  principal  families : — 

Fam.  I.  TalpidcB. — The  body  in  this  family  is  covered  with 
hair;  the  feet  are  formed  for  digging  and  burrowing,  and  the 
toes  are  furnished  with  strong  curved  claws.  There  are  no 
external  ears ;  and  the  eyes  in  the  adult  are  rudimentary,  and 
more  or  less  completely  useless  as  organs  of  vision.  The  cla- 
vicles are  strong,  the  arm  very  short,  the  hand  wide,  and  the 
palm  turned  outwards  and  backwards.  The  fur  is  short  and 
velvety,  and  the  tail  very  short  or  wanting,  in  most  cases. 

The  common  Mole  {TaJpa  Eiiropaa,  fig.  389)  is  the  only 
British  species  of  the  family,  and  is  too  well  kno^vn  to  need 
any  description.  The  star-nosed  moles  ( Condylura)  are  North 
American,  and  are  distinguished  by  a  fringe  of  elongated  mem- 
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branoiis  caruncles  surrounding  the  nostrils.  The  tail  is  moder- 
ately long. 

Also  North  American  is  the  genus  Scalops,  comprising  the 
so-called  Shrew-moles.    In  this  genus  the  tail  is  short,  the 


Fis;.  ^88.— Side-view  of  the  skull  of  the  Hedgehog  {Erinacem  EiiropcEus). 

(After  Giebel.) 

muzzle  is  long,  with  the  nostrils  at  its  extremity,  and  the  eyes 
are  very  small  and  are  hidden  in  the  fur.  The  common 
Shrew-mole  {Scalops  aquaticus)  has  the  feet  Avebbed,  and  is 
found  everywhere  in  the  United  States  east  of  the  Mississippi. 
A  more  remarkable  form  of  the  Talpida  is  the  Golden  Mole 
( Chrysochloris  aureus)  of  Africa.  In  form  and  habits  this  species 
resembles  the  common  Mole,  but  the  hairs  of  the  fur  have  the 
property  of  dispersing  the  rays  of  light,  and  thus  of  giving  rise 
to  beautiful  metallic  colours,  such  as  are  produced  by  the  "setae" 
of  the  Sea-mice  [Aphrodite)  amongst  the  Annelides.  The  fore- 
feet in  this  genus  have  only  three  toes,  and  the  dentition  is 
quite  peculiar. 

Lastly,  in  the  curious  genus  Urotrichus,  of  Japan  and  the 
north-west  of  America,  the  nose  is  long  and  cylindrical,  termi- 
nated by  a  naked  fleshy  bulb,  and  extremely  sensitive,  the  tail 
is  moderately  developed  and  hairy,  and  the  fore-feet  are  adapted 
for  burrowing.  Some  singular  genera  of  this  family  have  also 
been  recently  discovered  in  North  China  and  Thibet. 

Fain.  2.  Fotamogalidce. — This  family  merely  requires  to  be 
mentioned  as  founded  for  the  reception  of  a  single  genus 
{Fotamogale),  comprising  only  a  single  species  {F.  velox).  This 
animal  is  a  curious  Otter-like  Insectivore,  which  leads  a  semi- 
aquatic  life,  to  which  end  it  has  a  long  compressed  tail.  It  is 
confined  to  the  west  of  Africa. 

Fain.  3.  SoricidcE. — The  SoricidcB  or  Shrew-mice  are  distin- 
guished by  having  the  body  covered  with  hair,  and  the  feet  not 
adapted  for  digging ;  whilst  there  are  mostly  external  ears,  and 
the  eyes  are  well  developed.  Of  all  the  Insedivora,  no  division 
is  more  abundant  or  more  widely  distributed  than  that  of  the 
Shrew-mice.    In  general  form  and  appearance  the  Shrews  very 
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closely  resemble  the  true  Mice  {Muridcc)  and  the  Dormice 
{MyoxidcR),  but  they  are  in  reality  widely  different,  and  must 


Fig.  389.— European  Mole  (Talpa  Europaa). 


not  be  confounded  with  them.  The  common  Shrew  {Sorex 
rusticus)  and  the  Water- Shrew  {Crossopus  fodiefis)  are  both 
well-known  British  species  of  this  family.  The  smallest  known 
Mammal  is  one  of  the  Shrews  {Sorex  Etrtiscus),  which  is  not 
more  than  two  and  a  half  inches  in  length,  counting  in  the 
tail. 

The  Desmans  or  Musk-rats,  forming  the  genus  Myogale, 
are  sometimes  placed  here,  sometimes  in  the  family  of  the 
TalpidcE.  They  have  the  nose  prolonged  into  a  kind  of 
flexible  proboscis,  whilst  the  feet  are  webbed,  and  the  tail  is 
compressed,  thus  adapting  the  animal  for  a  semi-aquatic  life. 
Only  two  species  are  known,  one  found  in  south-eastern  Rus- 
sia, the  other  in  the  Pyrenees. 

Fain.  4.  ErmaceidcB. — The  fourth  family  of  the  Insedivoi-a  is 
that  of  the  Hedgehogs,  characterised  by  the  fact  that  the  upper 
part  of  the  body  is  covered  with  prickly  spines,  the  feet  are  not 
adapted  for  digging,  and  they  have  the  power  of  rolling  them- 
selves into  a  ball  at  the  approach  of  danger.  The  common 
Hedgehog  {Erinaceus  Europoiiis)  is  in  every  way  a  typical  ex- 
ample of  this  family,  but  is  too  well  known  to  require  any  de- 
scription. Other  species  of  the  family  are  found  in  North  and 
South  Africa  and  in  Asia. 

Fam.  5.  Centetidce. — The  most  typical  members  of  this  fa- 
mily are  the  "  Tenrecs"  {Centetes)  of  Madagascar.  These  are 
small  animals  resembling  the  Hedgehogs  in  appearance  and 
habits,  and  having  the  back  covered  with  hair  intermixed  with 
short  prickles,  but  destitute  of  the  power  of  rolling  themselves 
into  a  ball.  They  have  a  long  proboscis-like  nose,  and  the 
tail  is  rudimentary  or  absent.    Related  to  the  Tenrecs  is  the 
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curious  genus  Solcnodon  of  Cuba  and  Hayti,  in  which  the  nose 
is  very  long  and  pointed,  the  tail  is  long  and  scaly,  and  the 
body  is  covered  with  coarse  fur,  without  spines.  The  two 
central  incisors  of  the  lower  jaw  are  small,  and  are  placed 
between  long  conical  lateral  incisors,  which  are  deeply  grooved 
on  their  inner  surfaces.  We  may  also  place  here  the  singular 
Gymmira  of  Borneo,  Sumatra,  and  the  Malay  Peninsula.  In 
this  genus,  the  body  is  covered  with  long,  coarse  fur,  the  tail  is 
long  and  scaly,  the  snout  is  long,  and  the  feet  are  five-toed. 

Fain.  6.  TupaiidcB. — The  best  known  members  of  this  family 
are  the  "Banxrings"  or  "Squirrel-Shrews"  {Tupaia)  of  India 
and  the  Malay  Archipelago.  These  are  squirrel-like  Insect- 
ivore?,  with  long  bushy  tails,  the  feet  plantigrade,  five-toed, 
with  naked  soles,  and  sickle  -  shaped  claws.  They  climb 
actively  amongst  the  trees,  and  also  run  with  facility  upon  the 
ground.  Closely  allied  to  the  Tupaia.  is  the  little  PtUocercus 
of  Borneo,  in  which  the  tail  is  very  long,  and  the  hairs  towards 
its  extremity  are  arranged  like  the  barbs  of  a  feather. 

FaiJi.  7.  MacroscelidcB. — This  family  includes  only  the  little 
"  Elephant-Shrews  "  {Macroscelides)  of  Southern  and  Northern 
Africa.  They  are  readily  distinguished  by  their  extraordi- 
narily elongated  trunk-like  nose,  resembling  the  proboscis  of 
an  Elephant,  and  their  very  long  Kangaroo-like  hind-legs. 

Fam.  8.  Galeopithecida. — This  family  has  been  constituted 
for  the  reception  of  a  very  singular  animal  which  forms  a  kind 
of  connecting  link  between  the  orders  of  the  Insectivora  and 
Qiiadnimana^  having  been  sometimes  placed  in  the  one  and 
sometimes  in  the  other,  or  having  been  regarded  as  the  type 
of  a  separate  order.  The  family  includes  only  the  single  genus 
Galeopiiheais,  comprising  the  so-called  "Flying  Lemurs."  All 
the  Galeopitheci  inhabit  the  Indian  Archipelago,  but  the  best 
known  is  the  Galeopithecus  volans  of  Malacca,  Sumatra,  and 
Borneo.  The  most  characteristic  point  in  this  singular  animal 
is  the  presence  of  a  flying  membrane,  presenting  some  super- 
ficial resemblance  to  the  patagium  of  the  Bats,  but  in  reality 
very  much  the  same  as  the  integumentary  expansions  of  the 
Flying  Squirrels  and  Flying  Phalangers.  This  membrane  in 
the  Galeopithecus  extends  as  a  broad  expansion  from  the  nape 
of  the  neck  to  the  arms,  from  the  arms  to  the  hind-legs,  and 
from  the  hind-legs  to  the  tail,  forming  an  inter-femoral  mem- 
brane. The  fingers  are  not  elongated,  and  do  not  support  a 
patagium,  as  in  the  Bats,  so  that  the  animals  have  no  power  of 
true  flight,  and  can  simply  take  extended  leaps  from  tree  to 
tree.  The  feet  are  furnished  with  five  toes  each,  united  by  a 
membrane,  but  neither  the  hallux  nor  the  pollex  are  opposable 
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to  the  other  digits.  The  dentition  is  complicated,  and  con. 
sists  of  incisors  and  molars,  and,  according  to  Owen,  canines 
also,  the  dental  formula  being — 


•  2  2  I- 


3—3 


•I       ,       2 — 2 

;  pm  ; 

-I  2  2 


m 


3—3 
3—3 


34- 


The  six  lower  incisors  are  split  into  narrow  strips,  like  the  teeth 
of  a  comb.  The  Galeopitheci  seem  to  live  chiefly  upon  fruits, 
and  other  vegetable  matters.  They  are  nocturnal  animals, 
arboreal  in  their  habits,  and  they  sleep  head  downwards,  sus- 
pended by  their  prehensile  tails. 

As  regards  the  distribution  of  the  Insectivora  in  time,  the 
earliest  undoubted  remains  of  the  order  occur  in  the  Miocene, 
at  which  period  the  families  of  the  Talpidce,  Soricidce,  Eriiia- 
ceidce,  and  Centeiidcz,  appear  to  have  been  already  differentiated. 
The  geological  distribution  of  the  order,  however,  presents  no 
points  of  special  interest. 


CHAPTER  LXXX. 

QUADRUMANA. 

Order  XVI.  Quadrumana. — The  sixteenth  order  of  Mam- 
mals is  that  of  the  Qiiadrumaiia,  comprising  the  Apes,  Mon- 
keys, Baboons,  Lemurs,  &c.,  characterised  by  the  following 
points  : — 

The  hallux  {innermost  toe  of  the  hind-lijnb)  is  separated  from 
the  other  toes,  and  is  opposable  to  them,  so  that  the  hindfeet 
become  prehensile  hands.  The  pollex  {innermost  toe  of  the  fore- 
limbs)  may  be  wanting,  but  when  present,  it  also  is  usually  oppos- 
able to  the  other  digits,  so  that  the  animal  becomes  truly  qtiadrn- 
manous,  or  four-handed. 

The  incisor  teeth  genet-ally  are   ,  aiid  the  molars  ^ — , 

2—2  3—3 

with  broad  and  tuberculate  crowns.  Perfect  clavicles  are  present. 
The  teats  are  two  in  number,  and  {except  in  Chciromys)  are 
pectoral  in  position,  and  the  placenta  is  discoidal  ajid  deciduatc. 

The  Quadrumana  are  divided  by  Owen  into  three  very 
natural  groups,  separated  from  one  another  by  their  anatomical 
characters  and  by  their  geographical  distribution  as  follows  :— 

Section  A.  Strcpsirhina.—lhQ  members  of  this  section  are 
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characterised  by  the  nostrils  being  curved  or  twisted,  whilst 
the  second  digit  of  the  hind-limb  has  a  claw.  This  section 
includes  the  true  Lemurs  and  a  number  of  allied  forms.  It  is 
chiefly  referable  to  Madagascar  as  its  geographical  centre ;  but 
it  spreads  westwards  into  Africa,  and  eastwards  into  the  Indian 
Archipelago. 

Seaio7i  B.  Platyrhina. — This  section  includes  those  Quad- 
rumana  in  which  the  nostrils  are  placed  far  apart ;  the  thumbs 
of  the  fore-feet  are  either  wanting,  or,  if  present,  are  not  oppos- 
able to  the  other  digits ;  and  the  tail  is  generally  prehensile. 
The  Blatyrhine  Monkeys  are  exclusively  confined  to  South 
America. 

Sectio7i  C.  Catarhina. — In  this  section  the  nostrils  are  ob- 
lique, and  placed  close  together.    The  thumb  of  the  fore-limb 


Fig.  390. — Green  Monkey  or  Guenon  {Cercocebus  sabmus).    (After  Cuvier.) 


(pollex),  with  one  exception,  is  present,  and  is  always  oppos- 
able to  the  other  digits.  The  Catarhine  Monkeys  are  restricted 
entirely  to  the  Old  World,  and,  with  the  single  exception  of  a 
Monkey  which  inhabits  the  Rock  of  Gibraltar,  they  are  exclu- 
sively confined  to  Africa  and  Asia.  It  is  in  the  Catarhine  sec- 
tion of  the  Qtiadruniana  that  we  have  the  highest  group  of 
the  Monkeys — that,  namely,  of  the  Anthropoid  or  Tail-less 
Apes. 
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Strepsirhina. 

This  section  of  the  Quadrumana,  as  before  said,  is  charac- 
terised by  the  possession  of  twisted  or  curved  nostrils,  placed 
at  the  end  of  the  snout.    The  incisor  teeth  are  generally  much 

modified,  and  are  in  number         as  a  rule  :  the  lower  incisors 

3—3 

are  produced  and  slanting ;  the  praemolars  are  or  ^-^^ 

3—3  2—2, 

and  the  molars  are  tuberculate.  The  second  digit  of  the 
hind-limb  has  a  claw,  and  botli  fore  and  hind  feet  have  five 
toes  each,  all  the  thumbs  being  generally  opposable.  In  the 
true  Lemurs,  all  the  digits,  except  the  second  toe  of  the  hind- 
feet,  are  furnished  with  nails. 

This  section  is  often  called  that  of  the  Prosimia,  and  it  in- 
cludes several  families,  of  which  the  Aye- Ayes,  Loris,  and  true 
Lemurs  are  the  most  important.  In  many  works  the  Galeo- 
pitheais  is  also  placed  in  this  section. 

Milne-Edwards  and  Gervais,  from  an  examination  of  the 
placentation  of  the  Lemuroids  and  of  their  cerebral  characters, 
conclude  that  the  group  should  be  raised  to  the  rank  of  a  dis- 
tinct order  intermediate  between  the  Carnivora  and  the  Quad- 
riimana. 

The  family  of  the  Aye- Ayes  {CheiromydcB)  includes  only  a 
single  animal,  the  Cheiromys  Madagascar iejtsis.  In  appearance 
.the  Aye- Aye  is  not  very  unlike  a  large  Squirrel,  having  a  hairy 
body  and  a  long  bushy  tail.  There  are  no  canines,  and  the 
molars  are  separated  by  a  wide  interval  from  the  incisors. 
The  incisors  are  ploughshare-shaped,  and  grow  from  perma- 
nent pulps,  as  in  the  Rodents.  The  fore-feet  have  five  toes, 
armed  with  strong  claws,  but  the  pollex  is  scarcely  opposable 
to  the  other  digits.  The  middle-finger  is  about  as  long  as  the 
ring-finger,  but  only  about  half  as  thick,  its  last  two  joints 
being  hairless.  The  hind-feet  have  also  five  toes,  of  which 
the  h^lux  is  opposable,  and  the  second  digit  is  furnished  with 
a  long  claw.  As  far  as  is  yet  known,  the  Cheiromys  is  entirely 
confined  to  Madagascar. 

The  family  of  the  Tarsiidcp.  includes  only  the  singular  Tar- 
sius  spectrum  of  Borneo,  Sumatra,  Celebes,  and  Banca,  remark- 
able for  the  extraordinary  elongation  of  the  hands  and  feet. 
It  has  a  long  tail,  and  is  arboreal  in  its  habits. 

In  the  NycticebidcB  are  the  Loris  and  the  Slow  Lemurs,  in 
which  there  is  no  tail,  or  but  a  rudimentary  one ;  the  ears  are 
short  and  rounded,  and  the  eyes  are  large,  and  are  placed  close 
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together.    The  species  of  this  family  are  all  of  small  size,  and 
are  exclusively  confined  to  the  eastern  portion  of  the  Old 
World,  occurring  in  Java,  Ceylon,  the  southern  parts  of  Asia, 
and  other  localities  in  the  same  geographical  area.    They  are 
nocturnal  in  their  habits,  living  mostly  on  trees,  and  feeding 
upon  insects ;  and  from  the  slowness  with  which  some  of  them 
•progress,  they  are  sometimes  spoken  of  as  "Slow  Lemurs." 
.The  best-known  species  are  the  Slender  ~Lox\z  {L.  gracilis)  of 
Ceylon,  and  the  Nycticebiis  tardigj-adiis  of  the  East  Indies. 
Here  also  belong  the  "Pottos  "  [Perodictiais)  of  Sierra  Leone, 
■in  which  the  index-finger  is  rudimentary,  and  the  Ardocebus  of 
Old  Calabar,  in  which  this  digit  is  completely  wanting. 

The  largest  and  most  important  of  the  families  of  the  Sirep- 
sirhina  is  that  of  the  Le??turidcB  or  Lemurs.    In  this  family  the 


Fig.  391.— Side-view  of  the  skull  of  a  Lemuroid  {Sienops  tardigradns).    (After  Giebel). 

muzzle  is  elongated,  the  feet  are  all  furnished  with  opposable 
thumbs,  and  the  nails  on  all  the  toes  are  flat,  with  the  excep- 
tion of  the  second  toe  of  the  hind-foot,  in  which  there  is  a  long 
and  pointed  claw.  The  body  is  covered  with  a  soft  fur,  and 
the  tail  is  usually  of  considerable  length,  and  is  covered  with 
hair.  They  are  easily  domesticated ;  and  though  capable  of 
biting  pretty  severely,  their  disposition  is  gentle  and  docile. 
They  are  mostly  about  the  size  of  cats,  and  not  unlike  them  in 
appearance,  being  often  termed  "  Madagascar  cats  "  by  sailors. 
They  are  found  almost  exclusively  in  the  great  forests  of 
Madagascar,  moving  about  amongst  the  trees  with  great  activ- 
ity, by  means  of  their  prehensile  tails.  They  appear  to  fill 
m  Madagascar  the  place  occupied  by  the  higher  Qiiadriimana 
upon  the  adjommg  continent  of  Africa.  The  largest  species 
IS  the  Indri,  which  has  very  long  hind-legs,  and  stands  as  much 
as  three  feet  in  height. 

The  "  Galagos  "  {Galago),  sometimes  raised  to  the  rank  of  a 
distmct  family,  are  the  only  members  of  the  Lemtmdce  which 
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occur  out  of  Madagascar,  and  they  are  confined  to  the  conti- 
nent of  Africa. 

Platyrhina. 

The  section  of  the  Platyrhine  Monkeys  is  exclusively  con- 
fined to  South  America,  and  one  of  its  leading  characters  is  toi 
be  found  in  the  almost  universal  possession  of  a  prehensile 
tail ;  this  being  an  adaptive  character  by  which  they  are  suited 
to  the  arboreal  life  which  so  many  of  the  South  America- 
Mammals  are  forced  to  lead.  There  are  neither  cheek - 
pouches  nor  natal  callosities,  and  there  is  an  additional  pr- 
molar,  and  sometimes  a  molar  less  than  in  Man  and  the  01 
World  Monkeys.  The  nostrils  are  simple,  wide  apart,  and  place 

nearly  at  the  extremity  of  the  snout.    The  prgemolars  are  ^-33 

3—3 

in  number,  and  have  blunt  tubercles.  The  thumbs  of  the  fore- 
hands are  either  wanting  altogether,  or,  if  present,  are  not 
opposable,  though  versatile.  * 

The  Platyrhine  Monkeys  are  divided  into  the  two  principal 
sections  of  the  Hapalidce.  and  CebidcB. 

Fam.  I.  Hapalidce.  {Arctopitheci). — In  this  family  the  num- 
ber of  teeth  is  the  same  as  in  the  Old  World  Monkeys  and  in 
Man,  but  there  is  an  additional  prsemolar  on  each  side  of  each 
jaw,  and  a  molar  less.  According  to  Owen,  the  dental  formula 
of  the  Marmoset  is — 

.  2  2         I  1       ,       X  X  2  2 

t  ;  c          j  pm  ^ — ^  ;  jh           =  32. 

2 — 2       I — I         3 — 3        2 — 2 

The  molars,  however,  are  tuberculate,  and  though  the  num- 
ber of  teeth  is  the  same  as  in  the  Catarhine  Monkeys,  in 
their  other  characters  the  Marmosets  are  genuine  Platyrhines.- 
The  hind-feet  have  an  opposable  hallux  with  a  flat  nail,  but  all 
the  other  toes  are  unguiculate,  and  the  pollex  is  not  at  all 
opposable.    The  tail  is  long,  but  is  not  prehensile. 

The  Hapalidce  are  all  small  monkeys,  mostly  about  as  big 
as  Squirrels,  and  they  are  exclusively  South  American,  occur- 
ring especially  in  Brazil.  The  best-known  species  is  the  com- 
mon Marmoset  {Hapale  penicillata),  but  several  species  are 
domesticated  and  kept  as  pets. 

Fa?n.  2.  Cebidce. — In  this  family  are  all  the  typical  Platy- 
rhine Monkeys,  in  which  the  dentition  differs  from  that  of  the 
Hapalidce,  in  having  an  additional  molar,  so  that  the  molars 
are  the  same  as  in  the  CatarJwia  and  in  Man,  but  the  prae-, 
molars  are  more  numerous.    The  dental  formula  is — 
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i  l-^  ;  .  1=^' ;  pm         ;  m  3=l3  =  36. 
2—2;     I— I         3—3  3—3 

There  are  neither  cheek -pouches  nor  "  callosities  ; and  the 
face  is  usually  more  or  less  naked,  though  sometimes  whis- 
kered. The  tail  is  long,  and  is  mostly  prehensile ;  though  in 
rare  instances  it  is  non-prehensile,  and  has  its  extremity  clothed 
with  hairs.  The  thumb  of  the  fore-hand  may  be  wanting,  and, 
if  present,  is  not  opposable.  All  the  fingers  are  furnished  with 
flat  nails.  Their  diet  is  miscellaneous,  consisting  partly  of 
insects  and  partly  of  fruit. 

The  CebidcR  are  exclusively  confined  to  the  warmer  parts  of 
South  America,  in  the  vast  forests  of  which  they  are  met  with 
-in  large  troops,  climbing  amongst  the  trees.  The  Spider 
Monkeys  {Akles),  the  Howling  Monkeys  {Mycetes),  the  "  Sapa- 
jous"  {Cebus),  and  the  Squirrel  Monkey  {Callithrix),  may  serve 
as  typical  examples  of  this  section  of  the  Qiiadrumana.  In 
Ateles  the  tail  is  long,  slender,  and  powerfully  prehensile;  and 
the  limbs  are  very  long  and  slender.  The  pollex  is  absent,  or 
is  quite  rudimentary.  In  Mycetes  there  is  a  bony  drum  which 
is  formed  by  a  convexity  of  the  os  hyoides  and  communicates 
with  the  larynx.  The  voice  is  thus  rendered  extraordinarily 
resonant.  The  pollex  is  not  opposable,  but  is  placed  on  a 
line  with  the  other  fingers. 

In  the  so-called  "Sakis"  {Pii/ieciidcz)  the  tail  is  sometimes 
long  [Fithecia),  sometimes  short  {Brachyuriis),  but  is  never 
prehensile,  while  the  lower  incisors  are  inclined  forwards.  The 
little  "  Night-Apes  "  {Nyctipithecus)  also  have  non-prehensile 
tails,  but  the  lower  incisors  are  vertical,  and  the  eyes,  in 
accordance  with  the  nocturnal  habits  of  the  animal,  are  of 
immense  size. 

Catarhina. 

The  third  and  highest  section  of  the  Quadi'iimana  is  that  ot 
the  Catarhina  or  Old  World  Monkeys.  In  this  section  the 
nostrils  are  oblique,  and  are  placed  close  together,  and  the 
septum  narium  is  narrow.  The  thumbs  of  all  the  feet  are 
opposable,  so  that  the  animal  is  strictly  quadrumanous.  In 
Colobus  alone  the  anterior  thumbs  (pollex)  are  wanting.  The 
dental  formula  is  the  same  as  in  man,  viz.  : — 

.  2 — 2      I — I     ,     2 — 2        -x — -z 

z   ;  c  ;  pm          :  m  ^ — ^  =  ^2. 

2 — 2      I — I         2 — 2        3 — 3 

The  incisors,  however,  are  projecting  and  prominent,  and 
the  canines — especially  in  the  males — are  large  and  pointed. 
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Moreover,  the  teeth  form  an  uneven  series,  interrupted  by  a 
diastema  or  interval.  The  tail  is  never  prehensile,  and  i^^ 
sometimes  absent.  Cheek-pouches  *  are  often  present,  and  the 
skin  covering  the  tubcra  ischii  is  almost  always  callous  and 
destitute  of  hair,  constituting  the  so-called  "  natal  callosities." 
With  the  single  exception  of  a  Monkey  which  inhabits  the 
Rock  of  Gibraltar,  all  the  Cntarhma,  as  before  remarked,  are 
natives  of  Africa  and  Asia. 

There  are  three  well-marked  groups  or  tribes  of  the  Cata- 
rhine  Monkeys.  In  the  first  of  these  the  tail  is  long,  and  there 
are  generally  both  cheek-pouches  and  natal  callosities.  In  this 
tribe  is  the  genus  Semnopithecus,  in  which  cheek-pouches  are 
absent,  and  the  thumb  is  small,  and  all  the  species  of  which 
are  natives  of  Asia  and  the  Indian  Archipelago.  One  of  the 
best-known  species  is  the  Sacred  Monkey  of  the  Hindoos 
{Semnopithecus  ente/lus).  Closely  allied  to  the  Semnopitheci  is 
the  genus  Colohus  of  Africa,  in  which  cheek-pouches  are  also 
absent,  and  in  which  alone,  of  all  the  Catarhine  Monkeys,  the 
pollex  is  either  altogether  absent  or  totally  rudimentary. 
Closely  allied  to  Seinnopithecus ^  also,  is  the  Proboscis  Monkey 
or  Kahau  {Presbytis  nasalis\  distinguished  by  its  elongated 
proboscidiform  nose,  short  pollex,  and  long  tail.  Here  also 
come  the  little  QuMtr^oxi^iCercocebus  and  Cercopithecus,  fig.  390), 
all  of  which  are  confined  to  Africa.  Also  referable  to  this 
division  is  the  genus  Macaciis  or  Inuus  (comprising  the  Ma- 
caques), which  includes  most  of  the  Monkeys  which  are  ordi- 
narily Ijrought  to  this  country.  It  is  a  Macaque  which  occurs 
at  the  Rock  of  Gibraltar,  and  is  the  only  wild  Monkey  which 
is  found  in  Europe  at  the  present  day.  Most  of  the  Macaques 
are  Asiatic,  and  a  good  example  is  the  Wanderoo  (J/.  Silenns) 
of  India. 

The  second  tribe  of  the  Catarhine  Monkeys  is  that  of  the- 
Baboons  {Cynocephaliis).  In  these  forms  the  tail  is  mostly 
short,  and  is  often  quite  rudimentary.  The  head  is  large,  and 
the  muzzle  (fig.  392)  is  greatly  prolonged,  having  the  nostrils 
at  its  extremity.  The  facial  angle  is  about  30°,  and  the  whole 
head  has  much  the  aspect  of  that  of  a  large  dog.  The  natal 
callosities  are  generally  large  and  conspicuous,  and  usually  of 
some  bright  colour.  The  Baboons  are  large  strong  animals, 
extremely  unattractive  in  outward  appearance,  and  of  great 
ferocity.  The  fore  and  hind  limbs  are  nearly  of  equal  length, 
and,  more  than  any  other  of  the  Monkeys,  they  employ  the 
fore-limbs  in  terrestrial  progression,  running  upon  all-fours 

*  The  cheek-pouches  are  sacs  or  cavities  in  the  cheeks,  which  open  into 
the  mouth,  and  serve  to  hold  any  superfluous  food. 
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with  the  greatest  ease.  They  are  mainly  inhabitants  of  Africa, 
and  one  of  them,  the  Mandrill  {Cynocephalus  Alaifnoji),  attains 


Fig.  392. — Side-view  of  the  skull  of  a  Baboon  {Cytiocephabis  ursinns).    (After  Giebel.) 

very  nearly  the  height  of  a  man.    The  best-known  species  are 
the  Chacma  {Cynoceplialus  porcarius\  the  Derrias  (C.  Hama- 
dryas),  the  Common  Baboon  ( C.  papio),  and  the  Mandrill.  The 
Derrias  is  found  in  Arabia  and  Abyssinia,  and  occurs  both 
embalmed  and  sculptured  upon  ancient  monuments  in  Egypt 
and  Nubia.    The  Mandrill  is  rendered  probably  without  ex- 
eption  the  most  disgustingly  hideous  of  living  loeings  by  the 
ossession  of  large  blood-red  natal  callosities  and  of  enormous 
heek-protuberances  striped  with  brilliant  colours  in  alternate 
"ibs.    The  genus  Cynopithecus  includes  a  baboon-like  monkey 
""hich  is  found  in  Celebes  and  the  Philippine  Islands. 
The  third  family  of  the  Catarhine  Monkeys  is  that  of  the 
nthropomorphous  or  Anthropoid  Apes,  so  called  from  their 
aking  a  nearer  approach  in  anatomical  structure  to  man  than 
s  the  case  with  any  other  Mammal.     The  members  of  this 
amily  are  Apes  in  which  there  is  no  tail,  and  cheek-pouches 
re  absent,  whilst  in  some  cases  there  are  also  no  natal  callo- 
ities.    They  agree  with  man  in  the  possession  of  a  broad  flat 
ternum  (whence  their  name  of  "  Latisternai  "  Apes),  in  having 
n  appendix  vermiformis  to  the  ceecum,  and  in  the  fact  that  the 
liver,  except  in  the  Gorilla,  is  of  a  very  simple  structure.  The 
hind-legs  are  short  —  shorter  than  the  fore-limbs  —  and  the 
animal  can  progress  in  an  erect  or  semi-erect  position.  At 
the  same  time,  the  thumbs  of  the  hind-feet  (hallux)  are  oppos- 
able to  the  other  digits,  so  that  the  hind-feet  are  prehensile 
iiands.    The  spine  shows  a  single  curve,  and  articulates  with 
Lhe  back  part  of  the  skull.    The  canine  teeth  of  the  males  are 
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long,  strong,  and  pointed,  but  this  is  not  the  case  with  the 
females.  The  structure,  therefore,  of  the  canine  teeth  is  to  be 
regarded  in  the  light  of  a  sexual  peculiarity,  and  not  as  having 
any  connection  with  the  nature  of  the  food. 

In  this  tribe  are  the  Gibbons  {Hylobates),  the  Orang-outang 
[Simia  satyrus),  the  Chimpanzee,  and  the  Gorilla. 

The  Gibbons  form  the  genus  Hylobates,  and  they  belong  to 
southern  Asia  and  the  Indian  Archipelago.  The  anterior  limbs 
are  extremely  long,  and  the  hands  nearly  or  quite  reach  the 
ground  when  the  animal  stands  in  an  erect  posture.  There  is 
no  tail,  but  there  are  natal  callosities.  The  body  is  covered 
with  a  thick  fur.  The  sternum  is  wider  than  in  the  other 
Apes,  and  the  chin  is  better  developed.  One  of  the  best 
known  of  the  Gibbons  is  the  Siamang  {Hylobates  syndactylus), 
which  has  been  sometimes  regarded  as  making  a  nearer  ap- 
proach to  man  than  any  other  of  the  Monkeys.  It  is  a  native 
of  Sumatra.  It  is  the  largest  of  the  Gibbons,  and  derives  its 
specific  name  from  the  fact  that  the  index  and  middle  toes  of 
the  hind-foot  are  united  to  one  another  by  skin  as  far  as  the 
nail  joint.  Another  well-known  species  is  the  common  Gibbon 
{H.  lar). 

In  the  Orang  or  "  Mias  "  [Swiia  saiyrus)  there  are  neither 
cheek-pouches  nor  natal  callosities,  and  the  hips  are  covered 
with  hair.  As  in  the  Gibbons,  the  arms  are  excessively  long, 
reaching  considerably  below  the  knee  when  the  animal  stands 
in  an  erect  posture.  The  hind-legs  are  very  short,  and  there 
is  no  tail.  When  full  grown  the  Orang  stands  about  four  feet 
high.  It  never  progresses  with  the  help  of  a  stick,  or  walks 
erect  at  all,  except  along  the  branches  of  trees,  supporting  itself 
by  a  higher  branch,  or  when  attacked.  When  young,  the  head 
of  the  Orang  is  not  very  different  from  that  of  an  average 
European  child ;  but,  as  the-  animal  grows,  the  facial  bones 
become  gradually  produced,  whilst  the  cranium  remains  in  a 
tolerably  stationary  condition  ;  great  bony  ridges  are  developed 
for  the  attachment  of  the  muscles  of  the  jaws  and  face;  the 
incisors  project ;  and  ultimately  the  muzzle  becomes  as  pro- 
nounced and  well-marked  a  feature  as  in  the  typical  Carnivora 
(fig.  393,  A).  The  Orangs  are  inhabitants  of  Sumatra  and 
Borneo,  They  are  arboreal  in  their  habits,  and  form  for  them- 
selves a  sort  of  nest  or  shelter  amongst  the  trees.  The  fore- 
head is  rounded,  the  cerebrum  is  greatly  convoluted,  and  the 
canine  teeth  of  the  full-grown  males  are  very  large. 

The  genus  Troglodytes  contains  the  Chimpanzee  {T.  niger) 
and  the  Gorilla  (T.  Gorilla).  The  Chimpanzee  is  a  native  of 
Western  Africa,  and  has  the  arms  much  shorter,  proportionately. 
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than  in  the  Gibbons  and  Orangs ;  still  they  are  much  longer 
than  the  hind-limbs,  and  they  reach  beneath  the  knee  when 


the  animal  stands  erect.  The  ears  in  the  Chimpanzee  are 
large,  and  the  body  is  covered  with  dark  brown  hair.  The 
animal  can  stand  erect,  but  the  natural  mode  of  progression  is 
on  all-fours.  The  hands  are  naked  to  the  wrist,  and  the  face 
is  also  naked,  and  is  much  wrinkled.  The  Chimpanzee  lives 
in  society  in  wooded  districts,  constructs  huts,  and  can  defend 
itself  against  even  the  Elephant. 

The  Gorilla  is  in  most  respects  the  same  as  the  Chimpan- 
zee, but  is  much  larger,  attaining  a  height  of  fully  five  feet. 
The  hind-limbs  are  short,  and  the  ears  small.  It  is  an  enor- 
mously strong  and  ferocious  animal,  and  is  found  in  Lower 
Guinea  and  in  the  interior  of  equatorial  Africa.  It  possesses 
a  laryngeal  sac,  has  a  most  appa-lling  voice,  and  is  polygamous. 
The  Gorilla  has  been  often  regarded  as  the  most  human  of 
the  Anthropoid  Apes,  but  many  of  the  highest  authorities 
believe  that  the  Gibbons  have  a  greater  claim  to  occupy  this 
position. 

As  regards  the  distribution  of  the  Qiiadruinana  in  time,  the 
earliest  representatives  of  the  order  appear  to  be  found  in  the 
Eocene  Tertiary.  In  deposits  of  this  age  in  Wyoming,  Pro- 
fessor Marsh  has  discovered  several  forms  apparently  related 
to  both  the  Lemuroids  and  the  Platyrhines.  They  form  the 
two  families  of  the  LemuravidcB,  of  which  the  principal  genus 
{Lemuravus)  has  forty-four  teeth,  and  Limnotheridce,  in  which 
there  are  only  forty  teeth.  Remains  of  Lemuroids  have  also 
been  found  in  the  Eocene  of  Europe.   The  first  remains  of  the 


Fig.  393.— A,  Skull  of  the  Orang-outang.    B,  Skull  ef  an  adult  European. 
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higher  Qitadrinnana  appear  in  the  Miocene.  The  two  most 
important  of  these  are  Fliopit/iccus  (fig.  394)  and  Dryopitkccus, 


Fig.  394.— Lower  jaw  of  Pliopithecus  antiquus.  Miocene. 


both  of  which  are  European,  and  both  of  which  belong  to  the 
section  of  the  Catarhine  Monkeys,  which  are  at  present  char- 
acteristic of  the  Old  World ;  the  former  being  most  nearly 
allied  to  the  living  Semnopiiheci,  the  latter  to  the  Gibbons.  It 
is  interesting  to  notice  that  the  American  fossil  monkeys — 
from  the  later  Tertiary  deposits  of  South  America — belong  to 
the  division  of  the  Qiiadritmana  now  peculiar  to  that  continent 
— to  the  section,  namely,  of  the  Platyrhine  Monkeys. 


•    CHAPTER  LXXXI. 
BIMANA. 

Order  XVII.  Bimana. — This,  the  last  remaining  order  of  the 
Mammalia,  comprises  Man  {Homo)  alone,  and  it  will  therefore 
require  but  little  notice  here,  the  peculiarities  of  Man's  mental 
and  physical  structure  properly  belonging  to  other  branches  of 
science. 

Zoologically,  Man  is  distinguished  from  all  other  Mammals 
by  his  habitually  erect  posture  and  bipedal  progression.  The 
lower  limbs  are  exclusively  devoted  to  progression  and  to  sup- 
porting the  weight  of  the  body.  The  anterior  limbs  are  shorter 
than  the  posterior,  and  have  nothmg  whatever  to  do  with  pro- 
gression.   The  thumb  is  opposable,  and  the  hands  are  pre- 
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hensile,  the  fingers  being  provided  with  nails.  The  toes  of  the 
hind-Umb  are  also  furnished  with  nails,  but  the  hallux  is  not 
opposable  to  the  other  digits,  and  the  feet  are  therefore  useless 
as  organs  of  prehension.  The  foot  is  broad  and  plantigrade, 
and  the  whole  sole  is  applied  to  the  ground  in  walking. 

The  dentition  consists  of  thirty-two  teeth,  and  these  form  a 
nearly  even  and  uninterrupted  series,  without  any  interval  or 
diastema.    The  dental  formula  is — 

2—2        I  — I     ^      2—2  3—3 

The  brain  is  more  largely  developed  and  more  abundantly 
furnished  with  large  and  deep  convolutions  than  is  the  case 
Avith  any  other  Mammal.  The  mammae  are  pectoral,  and  the 
placenta  is  discoidal  and  deciduate. 

Man  is  the  only  terrestrial  Mammal  in  which  the  body  is  not 
provided,  at  any  rate  dorsally,  with  a  covering  of  hair. 

The  zoological  or  anatomical  distinctions  between  Man  and 
the  other  Mammals  are  thus  seen  to  be  of  no  very  striking 
nature,  and  certainly  of  themselves  would  not  entitle  us  to  con- 
sider Man  as  forming  more  than  a  distinct  order.  When,  how- 
ever, we  take  into  account  the  vast  and  illimitable  psychical 
differences,  both  intellectual  and  moral  —  differences  which 
7nust  entail  corresponding  structural  distinctions  —  between 
Man  and  the  highest  Qiiadrumana,  it  becomes  a  question 
whether  the  group  Bimana  should  not  have  the  value  of  a 
distinct  sub-kingdom ;  whilst  there  can  be  little  hesitation  in 
giving  Man,  at  any  rate,  a  class  to  himself.  At  any  rate,  man's 
psychical  peculiarities  are  as  much  an  integral  portion,  or 
more,  of  his  totality,  as  are  his  physical  characters,  and,  as  Dr 
Pritchard  says, — "  The  sentiments,  feelings,  sympathies,  inter- 
nal consciousness,  and  mind,  and  the  habitudes  of  mind  and 
action  thence  resulting,  are  the  real  and  essential  character- 
istics of  humanity." 

As  regards  the  distribution  of  the  order  Bimana  in  time^  we 
have  doubtless  yet  much  to  learn.  So  far  as  is  certainly  known 
at  present,  no  remains  of  Man,  in  the  form  of  bones  or  imple- 
ments, have  as  yet  been  detected  in  deposits  of  greater  age 
than  the  later  half  of  the  Post-Pliocene  period,  at  which  time 
Man  was  associated  in  Western  Europe  with  a  number  of  ex- 
tinct Mammalia. 
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GLOSSARY. 


Abdomen  {Lat.  ahdo,  I  conceal).  The  posterior  cavity  of  the  hody,  contain- 
ing the  intestines  and  others  of  tlie  viscera.  In  many  Invertebrates  there 
is  no  separation  of  the  body-cavity  into  thorax  and  abdomen,  and  it  is  only 
in  the  higher  Annulosa  that  a  distinct  abdomen  can  be  said  to  exist. 

Aberrant  (Lat.  aberro,  I  wander  away).    Departing  from  the  regular  tyi^e. 

Abiogenesis  (Gr.  «,  without ;  bios,  life  ;  genesis,  origin).  Spontaneous  gene- 
ration, or  the  production  of  living  beings  without  pre-existent  life. 

Abnormal  (Lat.  ab,  from  ;  norma,  a  rule).  Irregular ;  deviating  from  the 
ordinary  standard. 

Abomasum.    The  fourth  cavity  of  the  complex  stomach  of  the  Ruminants. 
Abranchiate  (Gr.  a,  without ;  bragchia,  gills).    Destitute  of  gills  or  bran- 
chifE. 

Acaleph^  (Gr.  akalepM,  a  nettle).  Applied  formerly  to  the  Jelly-fishes  or 
Sea-nettles,  and  other  Radiate  animals,  in  consequence  of  their  power  of 
stinging,  derived  from  the  presence  of  microscopic  cells,  called  "thread- 
cells,"  in  the  integument. 

AcANTHOCEPHALA  (Gr.  cikcmiha,  a  thorn  ;  kephale,  head).  A  class  of  para- 
sitic worms,  in  which  the  head  is  armed  with  spines. 

ACANTHOMETRINA  (Gr.  ctkantha  ;  and  metra,  the  womb).  A  family  of  P?-o- 
tozoa,  characterised  by  having  radiating  siliceous  spines. 

ACANTHOPTERYGii  (Gr.  akantka,  spine;  pterux,  wing).  A  groiip  of  bony 
fishes  with  spinous  rays  in  the  front  part  of  the  dorsal  fin. 

AcARiNA  (Gr.  akari,  a  mite).  A  division  of  the  Arachnida,  of  which  the 
Cheese-raite  is  the  type. 

Acephalous  (Gr.  a,  without ;  kephale,  head).  Not  possessing  a  distinct 
head. 

AcETABULA  (Lat.  acetabuhm,  a  ciip).    The  suckers  with  Avhich  the  cei^halic 

])rocesses  of  many  Cephalopoda  (Cuttle-fishes)  are  provided. 
Acetabulum.    The  cup-shaped  socket  of  the  hip-joint  in  Vertel)rata. 
Acontia  (Gr.  akontion,  a  javelin).    Long  filaments,  charged  with  thread-cells, 

attached  to  the  free  edges  of  the  mesenteries  of  Sea-anemones. 
AcRiTA  (Gr.  akritos,  confused).    A  term  sometimes  employed  as  synonymous 

with  Protozoa,  or  the  lowest  division  of  the  animal  kingdom. 
AcTiNOMERES  (Gr.  aktin,  a  ray  ;  meros,  a  part).    The  lobes  which  are  mapped 

out  on  the  surface  of  the  body  of  the  Ctenophora,  by  the  ctenophores,  or 

comb-like  rows  of  cilia. 
AcTiNOSOMA  (Gr.  aktin  ;  and  soma,  body).    Employed  to  designate  the  entire 

body  of  2,viy  Actinozoon,  whether  this  be  simple  (as  in  the'Sea-anemones), 

or  composed  of  several  zooids  (as  in  most  Corals). 
ACTiNOTROCHA  (Gr.  aktiii,  ray  ;  trochos,  wheel).    The  form  of  Invertebrate 

larva  seen  in  some  of  the  Annelides,  &c.,  in  which  there  is  a  circlet  of  cilia 

round  the  anterior  extremity. 
AcTiNOZOA  (Gr.  aktin;  and  zoSn,  an  animal).    That  division  of  Ccclen- 

terata  of  wliich  the  Sea-anemones  may  be  taken  as  the  type. 
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Adelautiirosomata  (Gv.  addos,  hidden;  arthros,  joint;  mna,  Lo.ly).  An 

order  ot  tlie  .1  rachnida.  ^' 
Agamic  (Gr.  «,  without ;  rjamns,  marriage).    Applied  to  all  forms  of  repi<.- 

duction  in  winch  the  sexes  are  not  directly  concerned. 
Allantoidka.    The  group  of  Verkhrata  in  winch  tlie  frutus  is  furnished  with 

an  ullantois,  comprising  tlie  Reptiles,  Birds,  and  Mammals. 
Allantois  (Gr.  alias,  a  sausage).    One  of  the  "  membranes"  of  the  foetus  in 

certain  Vertebrates.  • 
Alveoli  (Lat.  dim.  of  almis,  belly).    Applied  to  the  sockets  of  the  teeth. 
Ambulacra  (Lat.  ambulacrim,  a  place  for  walUing).    The  perforated  spaces 

or  "  avenues"  through  which  are  pi'oti'uded  the  tube-feet,  l^y  means  of  which 

locomotion  is  eflected  in  the  Edanodermata. 
Ambulatory  (Lat.  amlmlo,  I  walk).    Formed  for  walking.    Api)lied  to  a 

single  limb  or  to  an  entire  animal. 
Ametabolic  (Gr.  a,  without ;  metabole,  change).    Applied  to  those  insect. 

which  do  not  possess  wings  when  perfect,  and  which  do  not,  therefore,  pas 

through  any  marked  metamorphosis. 
Amnion  (Gr.  amnos,  a  lamb).    One  of  the  foetal  membranes  of  the  higher 

Vertebrates. 

Amniota.    Tlie  group  of  Verlebrata  in  which  the  foetus  is  furnished  with  an 

amnion,  comprising  the  Reptiles,  Birds,  and  Mammals. 
Amceba  (Gr.  amoibos,  changing).    A  species  of  Rhizopod,  so  called  from  the 

numerous  changes  of  form  which  it  undergoes. 
Amcebiform.    Resembling  an  Amceba  In  form. 

Amorphozoa  (Gr.  a,  without ;  morphi,  shape ;  zoon,  animal).  A  name  some- 
times used  to  designate  the  Sjionges. 

Amphibia  (Gr.  amiM,  both  ;  bios,  life).  The  Frogs,  Newts,  and  the  like, 
which  have  gills  when  young,  but  can  always  breathe  air  directly  when 
adult. 

Amphiccelous  (Gr.  am^jJii,  at  both  ends  ;  koilos,  hollow).  Applied  to  Verte- 
bra? which  are  concave  at  both  ends. 

Ajiphidiscs  (Gr.  aviphi,  at  both  ends  ;  diskos,  a  quoit  or  round  plate).  The 
spicula  which  surround  the  gemmules  of  SjMngilla,  and  resemble  two 
toothed  wheels  united  by  an  axle. 

Amphioxus  (Gr.  amj^hi,  at  both  ends  ;  oxiis,  sharp).  The  Lancelet,  a  little 
fish,  which  alone  constitutes  the  order  Pharyngobranchii. 

Amphipneusta  (Gr.  amjjhi,  both  ;  2^neo,  I  breathe).  Applied  to  the  "i^erenui- 
branchiate  "  Amphibians  which  retain  their  gills  through  life. 

Amphipoda  (Gr.  amphi  ;  and^302<«,  a  foot).    An  order  of  Crustacea. 

Anal  (Lat.  aims,  the  vent).  Connected  with  the  anus,  or  situated  near  the 
anus. 

Anallantoidea.  The  group  of  Verlebrata  in  which  the  embryo  is  not  fur- 
nished witli  an  allantois. 

Analogous.    Applied  to  parts  which  perfonn  the  same  function. 

Anamniota.  The  group  of  Verlebrata  in  which  the  embryo  is  destitute  of  au 
amnion. 

Anarthropoda  (Gr.  a,  without ;  arlhros,  a  joint ;  j}Ous,  foot).  That  division 
of  Annulose  animals  in  which  there  are  no  articulated  appendages. 

Anchylosis  or  Ankylosis  (Gr.  ankidos,  crooked).  The  union  of  two  bone.s 
by  osseous  matter,  so  that  they  become  one  bone,  or  are  immovably  joined 
together. 

Androgynous  (Gr.  aner,  a  man  ;  gune,  a  woman).  Sjnionymous  with  her- 
maphrodite, and  implying  that  the  two  sexes  are  united  in  the  same  indi- 
vidual. 

Androphokes  (Gr.  aner,  a  man  ;  and  pliero,  I  carry).  Applied  to  mediisiform 
gonophores  of  the  Hydrozoa,  which  carry  the  spermatozoa,  and  differ  in 
form  from  those  in  which  the  ova  are  developed. 

Annelida  (a  Gallicised  form  of  Annulala).  The  Ringed  Worms,  which  form 
one  of  the  divisions  of  the  Anarthropoda. 

Annul.vted.    Composed  of  a  succession  of  rings. 

Annuloida  (Lat.  annulus,  a  ring;  Gr.  eidos,  form).  The  sub-kingdom  com- 
prising the  Echinodermata  and  the  iscolecida  {= Echinozoa), 
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Annulosa  (Lat.  annulus).    The  sub-kingdom  comprising  the  AnarthrojMffa 

and  the  Arthropoda  or  Articulata,  in  all  of  which  the  body  is  more  or  less 

evidently  composed  of  a  succession  of  rings. 
Anomodontia  (Gr.  anomos,  irregular;  odous,  tooth).    An  extinct  order  of 

Reptiles,  often  called  Dicynodontia. 
Anomura  (Gr.  anomos,  irregular  ;  oura,  tail).    A  tribe  of  Decapod  Crustacea, 

of  which  tlie  Hennit-crab  is  the  type. 
Anoplura  (Gr.  anoplos,  unarmed  :  oura,  tail).    An  order  of  Apterous  In- 

S6CtS 

Anoura  (Gr,  a,  without ;  oura,  tail).  The  order  of  Amphibia  comprising 
the  Frogs  and  Toads,  in  which  the  adult  is  destitute  of  a  tail.  Often  called 
Batrachia. 

AxTEXN^  (Lat.  a7itenna,  a  yard-arm).    The  jointed  horns  or  feelers  possessed 

b}'  the  majority  of  the  Artimlata. 
Antennules  (dim.  of  antennce).    Applied  to  the  smaller  pair  of  antennae  in 

the  Crustacea. 

Antibrachium  ((Jr.  anti,  in  front  of;  brachion,  the  arm).  The  fore-arm  of 
the  higher  Vertebrates,  composed  of  the  radius  and  7dna. 

Antlers.  Properly  the  branches  of  the  horns  of  the  Deer  tribe  (Cervidce),  but 
generally  applied  to  the  entire  horns. 

.'^NTLTA  (Lat.  antlia,  a  pump).  The  spiral  trunk  or  proboscis  -with  which  But- 
terflies and  other  Lepidopterous  Insects  suck  up  the  juices  of  flowers. 

Aphaniptera  (Gr.  aphanos,  inconspicuous  ;  pteron,  a  wing).  An  order  of 
Insects  comprising  the  Fleas. 

Aplacentalia.  The  section  of  the  Mammalia,  comprising  the  two  divisions 
of  the  Bidelphia  and  Monodelphia,  in  which  the  young  is  not  furnished 
with  a  placenta. 

Apoda  (Gr.  a,  without ;  podes,  feet).    Applied  to  those  fishes  which  have  no 

ventral  fins.    Also  to  the  footless  Ccecilice  amongst  the  Ampihibia. 
Apodal.   Devoid  of  feet. 

Apodemata  (Gr.  apodaio,  I  portion  off").    Applied  to  certain  chitinous  sej)ta 

which  divide  the  tissues  in  Crustacea. 
Aptera  (Gr.  a,  without ;  pteron,  a  wing).    A  division  of  Insects,  which  is 

characterised  by  the  absence  of  wings  in  the  adult  condition. 
Apterous.    Devoid  of  wings. 

Apteryx  (Gr.  a,  Avithout ;  pterux,  a  wing).    A  wingless  bird  of  NeAV  Zealand, 

belonging  to  the  oi'der  Ciirsores. 
Aquiferous  (Lat.  aqua,  water  ;  fero,  I  carry.    Water-bearing  :  applied  to  all 

vessels  or  canals  by  which  water  is  distributed  through  an  organism. 
Arachnida  (Gr.  arachne,  a  sj)ider).    A  class  of  the  Articulata,  comprising 

Spiders,  Scorpions,  and  allied  animals. 
Arborescent.    Branched  like  a  tree. 

Arch^eopteryx  (Gr.  archaios,  ancient  ;  pterux,  wing).  The  singular  fossil 
bird  which  alone  constitutes  the  order  of  the  Saurura;. 

Archencephala  (Gr.  archo,  I  overrule ;  egkephalos,  brain).  The  name  ap- 
plied by  Owen  to  his  fourth  and  highest  group  of  Mammalia,  comprising 
Man  alone. 

Arenaceous.    Sandy,  or  composed  of  grains  of  sand. 

Articulata  (Lat.  articulus,  a  joint).  A  division  of  the  animal  kingdom,  com- 
prising Insects,  Centipedes,  Spiders,  and  Crustaceans,  characterised  by  the 
possession  of  jointed  bodies  or  jointed  limbs.  The  term  Arthropoda  is  now 
more  usually  employed. 

Artiodactyla  (Gr.  artios,  even;  daktulos,  a  finger  or  toe).  A  division  of  the 
hoofed  quadrupeds  ( Ungulata)  in  which  each  foot  has  an  even  number  of 
toes  (two  or  four). 

AsciDioiDA  (Gr.  askos,  a  bottle ;  eidos,  a  form).  A  synonym  of  Tunicata,  a 
class  of  Molhiscous  animals,  which  have  the  shape,  in  many  cases,  of  a  two- 
necked  bottle. 

Asexual.  Applied  to  modes  of  reproduction  in  which  the  sexes  are  not 
concerned. 

Asiphonate.  Not  possessing  a  respiratory  tube  or  siphon.  (Applied  to  a 
division  of  the  Lamellibranchiate  Molluscs.) 
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Asteroid  (Gr.  aster,  a  star ;  and  eidos,  forni).  Star-shaped,  or  possessing  radi- 

ing  lobes  or  rays  like  a  star-fish. 
AsTHUoiDEA.    An  order  of  Jichinodermata,  comprising  tlie  Star-fishes,  cliar- 

acterised  by  their  rayed  form. 
AsTOMATOUS  (Gr.  a,  without ;  stoma,  month).    Not  possessing  a  mouth. 
Atlas  (Gr.  the  god  who  holds  up  the  eartli).    Tlie  first  vertebra  of  the  neck, 

which  articulates  witli  and  sujiports  the  skull. 
Atrium  (Lat.  a  hall).    Applied  to  tlie  great  chamber  or  "cloaca,"  into  which 

the  intestine  opens  in  the  Tunicata. 
AuRELiA  (Lat.  aurum,  gold).    Applied  to  the  chrysalides  of  some  Lejjidopiera, 

on  account  of  their  exhibiting  a  golden  lustre. 
Auricle  (Lat.  dim.  of  auris,  ear).    Applied  to  one  of  the  cavities  of  the  heart, 

by  which  blood  is  driven  into  the  ventricle. 
AuTOPHAGi  (Gr.  autos,  self ;  i)ha(jo,  I  eat).    Applied  to  birds  whose  young 

can  run  about  and  obtain  food  for  themselves  as  soon  as  they  escajje  from 

the  egg. 

Ayes  (Lat.  avis,  a  bird).    The  class  of  the  Birds. 

AvicuLARiUM  (Lat.  avicula,  dim.  of  avis,  a  bird).  A  singular  appendage, 
often  shaped  like  the  head  of  a  bird,  found  in  many  of  the  Polyzoa. 

Axis  (Gr.  acixm,  a  pivot).  The  second  vex-tebra  of  the  neck,  upon  which  the 
skull  and  atlas  usually  rotate. 

AzYGOUS  (Gr.  a,  without ;  zugon,  yoke).    Single,  without  a  fellow. 

Bacterium  (Gr.  hakterion,  a  staff).  A  microscopic  organism  occurring  in  fluids 

containing  organic  matter,  and  having  a  staff-shaped  form. 
BALANiDiE  (Gr.  halanos,  an  acorn).    A  family  of  sessile  Cirripedes,  commonly 

called  "Acorn  shells." 
Baleen  (Lat.  bakena,  a  whale).    The  horny  plates  which  occupy  the  palate  of 

the  "whalebone"  Whales. 
Batides  (Gr.  batos,  a  bramble).    The  family  of  the  Elasmobranchii  comprising 

the  Bays. 

Batrach'ia  (Gr.  batrachos,  a  frog).    Often  loosely  applied  to  any  of  the  A7n.- 

phibia,  but  sometimes  restricted  to  the  Amphibians  as  a  class,  or  to  the 

single  order  of  the  Anozira. 
BELEMNiTiDiE  (Gr.  bclemnon,  a  dart).  An  extinct  group  of  Dibranchiate  Cepha- 

lopods,  comprising  the  Belemuites  and  their  allies. 
BiCAViTARY  (Lat.  bis,  twice  ;  cavus,  hollow).    Consisting  of  or  possessing  two 

cavities. 

Bifid.    Cleft  into  two  parts  ;  forked. 
Bilateral.    Having  two  symmetrical  sides. 

BiMANA  (Lat.  bis,  twice  ;  vianus,  a  hand).  The  order  of  Mammalia  compris- 
ing Man  alone. 

Bipedal  (Lat.  bis,  twice  ;  pes,  foot).   Walking  upon  two  legs. 

BiRAMOUS  (Lat,  bis,  twice  ;  ramus,  a  branch).  Applied  to  a  limb  which  is 
divided  into  two  branches  {e.g.,  the  limbs  of  Cirripedes). 

Bivalve  (Lat.  bis,  twice  ;  valvce,  folding-doors).  Composed  of  two  plates  or 
valves  ;  applied  to  the  shell  of  the  Lamellibrancliiata  and  Brachiopoda,  and 
to  the  carapace  of  certain  Crustacea. 

Blastoidea  (Gr.  hlasios,  a  bud  ;  and  eidos,  form).  An  extinct  order  of  Echi- 
nudermata,  often  called  Pentremites. 

Blastostyle  (Gr.  blastos,  a  bud ;  and  stidos,  a  column).  Applied  by  Prof. 
AUman  to  certain  columniform  zooids  in  the  Hydrozoa  which  are  destined  to 
bear  generative  buds. 

Brachiopoda  (Gr.  brachion,  an  arm  ;  pous,  the  foot).  A  class  of  the  Jlol- 
Inscoida,  often  called  "  Lamp-shells,"  characterised  bypossessmg  two  fle-shy 
arms  continued  from  the  sides  of  the  mouth. 

Buachidm  (Gr.  brachion,  arm).    Applied  to  the  upper  arm  of  Vertebrates. 

Brachyura  (Gr.  brachus,  short ;  oura,  tail).  A  tribe  of  the  Decapod  Crusta- 
ceans with  short  tails  {i.e.,  the  Crabs). 

Bracts.    {See  Hydrophyllia).  ~  „ ,    .  . 

BRADYPODiDyE  (Gr.  bradus,  slow  ;  podes,  feet).  The  fanuly  of  Edentata,  com- 
prising the  Sloths. 
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BuANCHiA  (Gr.  bragchia,  the  gill  of  a  fish).    A  respiratory  organ  adapted  to 

breathe  air  dissolved  iu  water. 
Bkanciiiate.    Possessing  gills  or  braiichise. 

BuANCHiFERA  (Gr.  h'agchia,  gill ;  and  phero,  I  carry).  A  division  of  Oastero- 
podous  Molluscs,  iu  which  the  respiration  is  aquatic,  and  the  respiratory 
organs  are  mostly  in  the  form  of  distinct  gills. 

Branchio-gasteropoda  ( =  Branchifera). 

Branchiopoda  (Gr.  bragchia :  and  pous,  foot).    A  legion  of  Crustacea,  in 

which  the  gills  are  supported  by  the  feet. 
Branchiostegal  (Gr.  bragchia,  gills  ;  stego,  I  cover).   Applied  to  a  membrane 

and  rays  by  which  the  gills  are  protected  iu  many  fishes. 
Brevilinguia  (Lat.  brevis,  short ;  lingua,  tongue).    A  division  of  the  Lacer- 

tilia. 

Brevipennat^  (Lat.  brevis,  short ;  jmina,  a  wing).  A  group  of  the  Natato- 
rial Birds. 

Bronchi  (Gr.  h'ogchos,  the  windpipe).     The  branches  of  the  windpipe 

{trachea),  by  which  the  air  is  conveyed  to  the  vesicles  of  the  lung. 
BRONTOTHERiDiE  (Gr.  Brontes,  the  name  of  a  giant ;  therion,  beast).  An 

extinct  order  of  Tertiary  Mammals. 
Bruta  (Lat.  brulus,  heavy,  stupid).    Often  used  to  designate  the  Mammalian 

order  of  the  Edentata. 
Brtozoa  (Gr.  bruo7i,  moss ;  zoon,  animal).    A  synonym  of  Polyzoa,  a  class  of 

the  Molluscoida. 

Buccal  (Lat.  hucca,  mouth  or  cheeks).    Connected  with  the  mouth. 
BURSiFORM  (Lat.  bursa,  a  purse  ;  forma,  shape).    Shaped  like  a  purse  ;  sub- 
spherical. 
Byssiferous.    Producing  a  byssiis. 

Byssus  (Gr.  bussos,  flax).  A  term  applied  to  the  silky  filaments  by  which  the 
Pinna,  the  connnon  Mussel,  and  certain  other  bivalve  JdoUusca,  attach 
themselves  to  foreign  objects. 

Caducibranchiate  (Lat.  caducus,  falling  off ;  Gr.  bragchia,  gill).  Applied  to 
those  Amphibians  in  which  the  gills  fall  off  before  maturity  is  reached. 

Caducous.  Applied  to  parts  which  fall  off  or  are  shed  during  the  life  of  the 
animal. 

C^CAL  (Lat.  caicus,  blind).    Terminating  blindly,  or  in  a  closed  extremity. 
Cecum  (Lat.  emeus).    A  tube  which  terminates  blindly. 
C^SPITOSE  (Lat.  c(jbspes,  a  turf).  Tufted. 
Cainozoic.    (<See  Kainozoic.) 

Calcar  (Lat.  a  spur).    Applied  to  the  "spurs"  of  Rasorial  Birds;  and  also 

to  the  rudiments  of  the  hind-limbs  in  certain  snakes. 
Calcareous  (Lat.  calx,  lime).    Composed  of  carbonate  of  lime. 
Calice.    The  little  cup  in  which  the  polype  of  a  coralligenous  Zoophyte 

{Actinozoon)  is  contained. 
CALY'coPHORiDiB  (Gr.  kalux,  a  cup ;  and  pliero,  I  carry).     An  order  of  the 

Oceanic  Hydrozoa,  so  called  from  their  possessing  bell-shaped  swimming 

organs  {nectocalyces). 
Calyptoblastic  (Gr.  kahqdos,  covered  ;  and  blastos,  a  bud).    Applied  by 

Prof.  Allmau  to  those  Hyd.rozoa  in  which  the  nutritive  or  generative  buds 

are  provided  with  an  external  protective  receptacle. 
Caly'x  (Lat.  calyx,  a  cup).    Applied  to  the  cup-shaped  body  of  Vorticella 

{Protozoa.),  or  of  a  Crinoid  {Echinodernmta). 
Campanularida  (Lat.  campamda,  a  bell).    An  order  of  Hydroid  Zoophji;es. 
Canine  (Lat.  canis,  a  dog).    The  eye-tooth  of  Mammals,  or  the  tooth  which 

is  placed  at  or  close  to  the  prajmaxillary  suture  in  the  upper  jaw,  and  the 

corresponding  tooth  in  the  lower  jaw. 
Capitulum  (Lat.  dim.  of  cap^it,  head).    Applied  to  the  body  of  a  Barnacle 

{Lcpadidcc),  from  its  being  supported  upon  a  stalk  or  jDeduncle. 
Carapace.    A  protective  shield.    Applied  to  the  upper  shell  of  Crabs,  Lob- 
sters, and  many  other  Crustacea  ;  also  to  the  case  with  which  certain  of  the 

Infusoria  are  provided.  Also  the  upper  half  of  the  immovable  case  in  which 

the  body  of  a  Chulouian  is  protected. 
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Carinat.'E  (Lat.  carina,  a  keel).    Applied  by  Huxley  to  all  those  birds  in 

which  the  sternum  is  furnished  with  a  median  ridge  or  keel. 
Carni  voha  (Lat.  mro,  flesh  ;  mro,  I  devour).    An  order  of  the  Mu/nimuliM. 
Carnivohous  (Lat.  caro,  flesh  ;  vwo,  I  devour).    Feeding  upon  flesh. 
Caunosm  (Lnt.  caro).  Fleshy. 

Carpophaoa  (Gr.  karjjos,  fruit ;  fhago,   I  eat).    A  section  of  the  Marsu- 

inalia. 

Cari'US  (Gr.  karjoos,  the  Avi'ist).  The  small  bones  which  intervene  I>etvveen  the 

fore-arm  and  the  metacarpus. 
Catarhina  (Gr.  kata,  downwards  ;  rJiines,  nostrils).  A  group  of  the  Quadru- 

mana. 

Caudal  (Lat.  cauda,  the  tail).    Belonging  to  the  tail. 

Cavicornia  (Lat.  cavus,  hollow;  cornu,  a  horn).  The  "hollow-horned" 
Ruminants,  in  which  the  horn  consists  of  a  central  bony  "  horn-core  "  sur- 
rounded by  a  horny  sheath. 

Centrum  (Gr.  kentron,  the  ])oint  round  which  a  circle  is  described  by  a  pair  of 
compasses).    The  central  portion  or  "body"  of  a  vertebra. 

Ckphamc  (Gr.  kephale,  head).    Belonging  to  the  head. 

Ckphalo-branchiate  (Gr.  keplmle  ;  and  bragchia,  gill).    Carrying  gills  upon 

the  head.    Applied  to  a  section  of  the  Annelida,  which,  like  the  Serpula  , 

have  tufts  of  external  gills  placed  upon  the  head. 
Cephalophora  (Gr.  kepliale  ;  and^jAero,  I  carry).    Used  synonymou-sly  with 

Encephala,  to  designate  those  Mollusca  which  possess  a  distinct  head. 
Cephalopoda  (Gr.  kepliale  ;  and  ^^of^es,  feet).  A  class  of  the  Mollusca,  com- 
prising the  Cuttle-fishes  and  their  allies,  in  which  tliere  is  a  series  of  arms 

ranged  round  the  head. 
Cephalothorax  (Gr.  kephale ;  and  tliorax,  chest).    The  anterior  di\ision  of 

the  body  in  many  Crustacea  and  Arachnida,  which  is  composed  of  the 

coalesced  head  and  chest. 
Cercariiform  (Lat.  cercaria,  a  tailed  animalcule  ;  and  forma,  shape).  Cer- 

caria  (Gr.  kerkos,  tail)  is  the  name  of  a  tadpole-shaped  animalcule  ;  and  the 

epithet  "cercariiform"  is  applied  to  all  organisms  of  a  similar  shape  (e.g., 

the  larval  Tunicates). 
Cere.    The  naked  space  found  at  the  base  of  the  bill  of  some  birds. 
Cervical  (Lat.  cervix,  neck).    Connected  with  the  region  of  the  neck. 
CiiSTOiDEA  (Gr.  kestos,  a  girdle).    An  old  name  for  the  Tamiada,  a  class  of 

intestinal  worms  with  flat  bodies  like  tape  (hence  the  name  Tapeworms). 
Cestraphori  (Gr.  kestra,  a  weapon ;  phero,  I  carry).    The  group  of  Elasnio- 

branchii  represented  at  the  present  day  by  the  Port  Jackson  Shark. 
Cetacea  (Gr.  ketos,  a  whale).    The  order  of  Mammals  comprising  the  Whale.s 

and  Dolphins. 

Ch^tognatha  (Gr.  chaite,  bristle ;  gnathos,  jaw).  An  order  of  the  Anarthro- 
p)oda,  comprising  only  the  oceanic  genus  Sagitta. 

Ch^tophora  (Gr.  chaite  ;  phero,  I  carry).  Applied  as  a  common  name  to  the 
Tubiculous  and  Errant  Aunelides,  both  of  which  have  bristle-bearing  foot- 
tubercles,  together  with  the  Earth-worms  and  their  allies  (Oligochcuta),  which 
have  locomotive  bristles. 

Cheiroptera  (Gr.  cheir,  hand  ;  pteron,  a  wing).  The  order  of  Mammals  com- 
prising the  Bats. 

Chel.b  (Gr.  chele,  a  claw).  The  prehensile  claws  with  M'hich  some  of  the  limbs 

are  terminated  in  certain  Crustacea,  such  as  the  Crab,  Lobster,  &c. 
Chelate.    Possessing  chelae  ;  applied  to  a  limb. 

CnELlCERiE  (Gr.  chele,  a  claw;  and  keras,  a  horn).  The  prehensile  claws  of 
the  Scorpion,  supposed  to  be  homologous  with  antenna;. 

Chelonia  (Gr.  chelonc,  a  tortoise).  The  order  of  Reptiles  comprising  the  Tor- 
toises and  Turtles. 

Chelonobatrachia  (Gr.  chelone,  a  tortoife ;  batrachos,  a  frog).  Sometimes 

applied  to  the  Amphibian  order  of  the  Anoura  (Frogs  and  Toads). 
Chilognatha  (Gr.  cheilos,  a  lip  ;  and  gnathos,  a  jaw).    An  order  of  the  M>/- 

f  %  (x^)  odob 

Chilopoda  (Gr.  cheilos;  and  podes,  feet).    An  order  of  the  Mgriapoda. 
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Chitixe  (Gv.  chiton,  a  coat).  The  peculiar  chemical  principle,  nearly  allied  to 
horn,  which  forms  the  exoskeleton  in  many  Invertebrate  animals,  especially 
in  the  Arthropoda  {Crustacea,  Insecta,  &c.). 

Chlorophyll  (Gr.  chloros,  green ;  and phullon,  a  leaf).  The  green  colouring 
matter  of  plants. 

Chromatophores  (Gr.  chroma,  complexion,  or  colour  ;  and  inhere,  I  carry). 
Little  sacs  which  contain  pigment-granules,  and  are  found  in  tlie  integument 
of  Cuttle-fishes  and  other  animals. 

Chrysalis  (Gr.  chrusos,  gold).  The  motionless  pupa  of  butterflies  and  moths, 
so  called  because  sometimes  exhibiting  a  golden  lustre. 

Chylaqueous  fluid,  a  fluid  consisting  partly  of  water  derived  from  the  ex- 
terior, and  partly  of  the  products  of  digestion  (chyle),  occupying  the  body- 
cavity  or  perivisceral  space  in  many  Invertebrates  {Annelids,  Echinoderms, 
kc),  and  sometimes  having  a  special  canal-system  for  its  conduction  (chly- 
aqueous  canals). 

Chyle  (Gr.  chulos,  juice).  The  milky  fluid  which  is  the  result  of  the  action  of 
the  various  digestive  fluids  upon  the  food. 

Chylific  (Gr.  c/wctos,  juice  [chyle];  and  Lat. /aao,  I  make).  Producing  chyle. 
Applied  to  one  of  the  stomachs,  when  more  than  one  is  present.  The  word 
is  of  mongrel  origin  ;  and  "  chylopoietic  "  is  more  correct. 

Chyme  (Gr.  chumos, iwice).  The  acid  pasty  fluid  produced  by  the  action  of  the 
gastric  juice  xipon  the  food. 

Chyme-mass.   The  central,  semi-fluid  sarcode  in  the  interior  of  an  Infusorian. 

Cilia  (Lat.  cilium,  an  eyelash).  Microscopic,  hair-like  iilanients,  which  have 
the  power  of  lashing  backwards  and  forwards,  thus  creating  currents  in  the 
surrounding  or  contiguous  fluid,  or  subserving  locomotion  in  the  animal 
which  possesses  them. 

Ciliograda  (Lat.  cilium  ;  and gradior,  I  walk).  Synonymous  with  Ctenophora, 
an  order  of  Actinozoa. 

CiNCLiDES  (Gr.  kigklis,  a  lattice).  Special  apertures  in  the  column  walls  of 
some  Sea-anemones  {Actinida),  which  probably  serve  for  the  emission  of  the 
cord-like  "  craspeda." 

Cirri  (Lat.  cirrtcs,  a  curl).  Tendril-like  appendages,  such  as  the  feet  of  Bar- 
nacles, and  Acorn-shells  (Cirripedes),  the  lateral  processes  on  the  ai'ms  of 
BrachioxMda,  &c. 

CiRRiFEROUs  or  CiRRiGEROUS.    Carrying  cirri. 

CiRRiPEDiii.,  Cirrhipedia,  or  Cirrhopoda  (Lat.  cirrus,  a  curl;  and  i^es,  a 

foot).    A  sub-class  of  Crustacea  with  curled  jointed  feet. 
CiRROSTOMi  (Lat.  cirrus,  a  tendril ;  Gr.  stoma,  mouth).    Sometimes  used  to 

designate  the  Pharyngobranchii. 
Cladocera  (Gr.  klados,  a  branch  ;  keras,  a  horn).    An  order  of  Crustacect 

with  T)ranched  antennas. 
Clavate  (Lat.  claims,  a  club).  Club-shaped. 

Clavicle  (Lat.  clavicula,  a  little  key).  The  "  collar-bone,"  forming  one  of 
the  elements  of  the  pectoral  arch  of  Vertebrates. 

Cloaca  (Lat.  a  sink).  The  cavity  into  which  the  intestinal  canal  and  the 
ducts  of  the  generative  and  urinary  organs  open  in  common,  in  some  In- 
vertebrates (e.g.,  in  Insects),  and  also  in  manj^  Vertebrate  animals. 

Cly'peiform  (Lat.  clypeus,  a  shield  ;  and  forma,  shaped).  Shield-shaped ;  ap- 
plied, for  example,  to  the  carapace  of  the  King-crab. 

Cnidye  (Gr.  knide,  a  nettle).  The  urticating  cells  or  "thread-cells"  whereby 
many  Coilenterate  animals  obtain  their  power  of  stinging. 

CoccoLiTHS  (Gr.  kokkos,  a  berry;  lithos,  stone).  Minute  oval  or  rounded 
bodies,  which  are  fomid  either  free  or  attached  to  the  surface  of  cocco- 
spheres,  and  which  are  probably  of  vegetable  origin. 

Coccospheres  (Gr.  kokkos  ;  and  spkaira,  a  sphere).  Spherical  masses  of  sar- 
code, enclosed  in  a  delicate  calcareous  envelope,  and  bearing  coccoliths  upon 
their  external  surface. 

Coccygeal.    Connected  with  the  coccyx. 

Coccyx  (Gr.  kokkux,  a  cuckoo).  The  terminal  portion  of  the  spinal  column 
iii  man,  so  called  from  its  resemblance  to  a  cuckoo's  beak. 


748 


GLOSSARY. 


Cocoon  (French,  cocon,  the  cocoon  of  tlie  silk -worm;  connected  with  Fr. 
coque,  Hliell,  which  is  derived  IVoiu  the  Lat.  concha).  The  outer  covering  ot 
sillcy  hairs  witli  wliicli  the  pupa  or  clirysalis  of  many  insects  is  protected. 
The  chitinous  capsules  in  which  Leeches  and  Earth-worms  deposit  theii- 
eggs.    The  silken  cases  which  Spiders  weave  for  tlieir  eggs. 

CODONOSTOMA  ((Sr.  kodon,  a  Ijell;  atuma,  inouth).  The  aperture  or  mouth  of 
the  disc  (nectocalyx)  of  a  Medusa,  or  of  the  bell  (gonocalyx)  of  a  medusi- 
ibrm  gonophore. 

C(ELENTEUATA  (Gr.  koilos,  hollow ;  enteron,  the  bowel).  The  sub-kingdom 
which  comprises  the  Jlydrozoa  and  Actinuzoa.  Proposed  by  Frey  and 
Leuckart  in  place  of  the  old  term  Madiata,  which  included  other  animals 
as  well. 

C(ENENCiiYMA  (Gr.  koiuos,  common  ;  enchuma,  tissue  ;  literally,  an  infusion). 
The  common  calcareous  tissue  which  unites  together  the  various  corallites 
of  a  compound  corallum. 

CcENCECiUM  (Gr.  koinos,  common ;  oikos,  house).  The  entire  dermal  system 
of  any  Pobjzobn  ;  employed  in  place  of  the  terms  polyzoary  or  polypidom. 

CcENOSARC  (Gr.  koinos,  common;  sarx,  flesh).  The  common  organised  me- 
dium by  which  the  separate  polyijites  of  a  compound  Ilydrozoon  are  con- 
nected together. 

CoLEOPTERA  (Gr.  koleos,  a  sheath ;  ^j^eroji,  wing).  The  order  of  Insects 
(Beetles)  in  which  the  anterior  pair  of  wings  are  hardened,  and  serve  as 
protective  cases  for  the  posterior  pair  of  membranous  Avings. 

CoLLEMBOLA  (Gr.  kolltt,  gluc ;  embolos,  a  sharp  beak  or  pointed  projection). 
An  order  of  Apterous  insects  furnished  with  an  adhesive  ventral  process. 

CoLtJBRiNA  (Lat.  coluber,  a  snake).    A  division  of  the  Ophidia. 

CoLUMBACEi  (Lat.  colmnba,  a  dove).  The  division  of  Rasorial  Birds  compris- 
ing the  Doves  and  Pigeons. 

Columella  (Lat.  dim.  of  columna,  a  column).  In  Conchology,  the  central 
axis  round  which  the  whorls  of  a  spiral  univalve  are  wound.  Amongst  the 
Aciinozoa,  it  is  the  central  axis  or  pillar  which  is  found  in  the  centre  of  the 
visceral  chamber  of  many  corals. 

Column.  Applied  to  the  cylindrical  body  of  a  Sea-aneraoue  (Actinia);  also 
to  the  jointed  stem  or  peduncle  of  the  stalked  Crinoids. 

Commensal  (Lat.  cum,  with  ;  mensa,  table).  Living  at  the  same  table  with, 
a  messmate  :  Applied  to  animals  which  live  on  or  in  other  animals  for  part 
or  the  whole  of  their  life,  simply  sharing  the  food  of  their  host,  Avithout 
being  parasitic  on  him. 

Commissural  (Lat.  commiUo,  I  solder  together).  Connecting  together ; 
usually  applied  to  the  nerve-fibres  Avliich  unite  different  ganglia. 

Concha  (Lat.  a  shell).  The  external  ear  by  which  sounds  are  collected  and 
transmitted  to  the  internal  ear. 

Conchipera  (Lat.  concha,  a  shell ;  fero,  I  carry).  Shell-fish.  Applied  in  a 
restricted  sense  to  the  bivalve  Molluscs,  and  used  as  a  synonym  for  Lamelli- 
branchiata. 

Condyle  (Gr.  kondulos,  a  knuckle).  The  surface  by  Avhich  one  bone  articu- 
lates with  another.  Applied  especially  to  the  articular  surface  or  surfaces 
by  which  the  skull  articulates  with  the  vertebral  column. 

CoNiKOSTRES  (Lat.  conus,  a  cone ;  rostnim,  a  beak).  The  division  of  Perching 
Birds  Avith  conical  beaks. 

CoPEPODA  (Gr.  kope,  an  oar  ;  jJodes,  feet).    An  order  of  Crustacea. 

CORACOID  (Gr.  korax,  a  crow;  eidos,  form).  A  separate  bone  Avhich  enters 
into  the  composition  of  the  pectoral  arch  in  Birds,  Reptiles,  and  Mouo- 
treraes.  In  most  Mammals  it  is  a  mere  process  of  the  scapxila,  liavmg,  m 
man,  some  resemblance  in  shape  to  the  beak  of  a  croAV. 

Coralligenous.    Producing  a  corallum. 

CoRALLiTE.  The  corallum  secreted  by  an  Actinozoon  which  consists  ot  a 
single  polype  ;  or  the  portion  of  a  composite  corallum  which  belongs  to,  and 
is  secreted  by,  an  individual  polype.  •.  i  • 

Corallum  (from  the  Latin  for  red  coral).  The  hard  structures  deposited  in, 
or  by,  the  tissues  of  an  A ctinozodn— commonly  called  a  "coral. 

Coriaceous  (Lat.  cori!t?H,  hide).  Leathery. 
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Corpus  callosum  (Lat.  tlie  "  firm  body  ").  The  grecat  ba.nd  of  nervous  mat- 
ter -which  unites  the  two  hemisi^lieres  of  the  cerebrum  in  the  Mammals. 

CoHPUSCULATKD  (Lat.  covpuscidum,  a  little  body  or  particle).  Applied  to 
fluids  which,  like  the  blood,  contain  floating  solid  particles  or  "corpuscles." 

Cortical  i.ayeu.  The  layer  of  consistent  sarcode,  which  in  the  Infusoria 
encloses  the  chyme  mass,  and  is  surroimded  by  the  cuticle.  Sometimes 
called  the  "parenchyma  of  the  body." 

CosT^  (Lat.  costa,  a  rib).  Applied  amongst  the  Crinoidea  to  designate  the 
rows  of  plates  which  succeed  the  inferior  or  basal  portion  of  the  cup  (pel- 
vis). Amongst  the  Corals  the  "costee"  are  vertical  ridges  which  occur  on 
the  outer  surface  of  the  theca,  and  mark  the  position  of  the  septa  within. 

Costal  (Lat.  coda,  a  rib).    Connected  with  the  ribs. 

Cranium  (Gr.  kranion,  the  skull).    The  bony  or  cartilaginous  case  in  which 

the  brain  is  contained. 
Craspeda  (Gr.  kraspedon,  a  margin  or  fringe).    The  long,  convoluted  cords, 

containing  thi-ead  -  cells,  which  are  attached  to  the  free  margins  of  the 

mesenteries  of  a  Sea-anemone. 
Crepuscular  (Lat.  crejmscidum,  dusk).    Applied  to  animals  which  are  active 

in  the  dusk  or  twilight. 
Crinoidea  (Gr.  krinos,  a  lily  ;  eidos,'foYm).    An  order  of  Echinodermata  com- 

prisiug  forms  which  are  usually  stalked,  and  sometimes  resemble  lilies  in 

shape. 

Crocodilia  (Gr.  krokodeilos,  a  crocodile).    An  order  of  Eeptiles. 

Crop.    A  partial  dilatation  of  the  gullet,  technically  called  "  ingluvies." 

Crustacea  (Lat.  crusta,  a  crust).  A  class  of  articulate  animals,  comprising 
Crabs,  Lobsters,  &c.,  characterised  by  the  possession  of  a  hard  shell  or 
crust,  which  they  cast  periodically. 

Ctenoctst  (Gr.  kteis,  a  comb  ;  kustis,  a  bag  or  cyst).  The  sense-organ  (prob- 
ably auditory)  which  occurs  in  the  Ctenoijhora. 

Ctenoid  (Gr.  kteis,  a  comb ;  eidos,  form).  Applied  to  those  scales  of  fishes, 
the  hinder  margins  of  which  are  fringed  with  spines  or  comb-like  pro- 
jections. 

Ctenophora  (Gr.  kteis,  a  comb  ;  and  fliero,  I  carry).    An  order  oi  Actinozoa, 

comprising  oceanic  creatures,  with  swim  by  means  of  "  ctenophores,"  or 

bauds  of  cilia  ari'auged  in  comb-like  plates. 
Cursores  (Lat.  curro,  I  run).    An  order  of  Aves,  comprising  birds  destitute 

of  the  power  of  flight,  but  formed  for  running  vigorously  [e.g.,  the  Ostrich 

and  Emeu). 

Cuspidate.    Furnished  with  small  pointed  eminences  or  "  cusps." 

Cuticle.  (Lat.  cuticula,  dim.  of  cutis,  skin).  The  pellicle  which  forms  the 
outer  layer  of  the  body  amongst  the  Infusoria.  The  outer  layer  of  the  in- 
tegument generally. 

Cutis  (Lat.  skin).  The  inferior  vascidar  layer  of  the  integument,  often  called 
the  cutis  vera,  the  corium,  or  the  dermis. 

Cycloid  (Gr.  kuklos,  a  circle ;  eidos,  form).  Applied  to  those  scales  of  fishes 
which  have  a  regularly  circular  or  elliptical  outline  with  an  even  margin. 

Cyclostojii  (Gr.  kuklos  ;  and  stoma,  mouth).  Sometimes  used  to  designate 
the  Hag-fishes  and  Lampreys,  forming  the  order  MarsipohrancMi. 

Cyst  (Gr.  kustis,  a  bladder  or  bag).    A  sac  or  vesicle. 

Cystica.  The  embryonic  forms  (scolices)  of  certain  intestinal  worms  (Tape- 
worms), which  were  described  as  a  distinct  order,  until  their  true  nature  was 
discovered. 

Cystoidea  (Gr.  kustis,  a  bladder ;  and  eidos,  form).  An  extuict  order  of 
Echinodermata. 


Decapoda  (Gr.  deka,  ten  ;  podes,  feet).   The  division  of  Crustacea  which  have 

ten  ambulatory  feet ;  also  the  family  of  Cuttle-fishes,  in  which  there  are 

ten  arms  or  cephalic  pi'ocesses. 
Deciduous  (Lat.  decide,  I  fall  off).    Applied  to  parts  which  fall  off  or  are 

shed  during  the  life  of  the  animal. 
Decollated  (Lat.  decollo,  I  behead).   Applied  to  univalve  shells,  the  apex  of 

which  falls  off  in  the  course  of  growth. 
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DiciNOCEHATA  or  DiNoci: RATA  (Gr.  deinos,  terrible;  kmis,  liorn).    An  extinct 

order  of  Tertiai'y  Miiiiuuals. 
Dkjno.sauhia  or  Dinosauuia  (Gr.  deinos,  terriljle;  savra,  lizard).  An  extinct 

order  of  ReiitiJes. 

Dkndiufoum,  Di'iNiJiUTic,  Dkndroid  (Gr.  dendron,  a  tree).  Branched  like  a 
tree,  arljorescent. 

Dkntiuosthks  (Lat.  de.ns,  a  tooth  ;  rostrum,  a  lieak).    The  group  of  Perching 
Birds  in  wliicli  the  upper  mandible  of  the  beak  has  its  lower  margin  toothed. 
Dkhma  or  Dkumis.    (Bee  Cutis.) 

Dkumal  (Gr.  derma,  skin).    Belonging  to  the  integument. 

Derm()sclkiiiti>;s  (Gr.  derma,  skin  ;  skleros,  hard).    Masses  of  spicules  which 

occur  in  the  tissues  of  some  of  the  Alcyonaria  {Aclinozoa). 
DESMiDiiE.    Minute  fresh-water  plants,  of  a  green  colour,  without  a  siliceous 

epidermis. 

DEUTEROZOoins  (Gr.  deuterns,  second  ;  zoon,  animal ;  eidos,  form).  The  zooids 
which  are  produced  by  gemmation  iVom  zooids. 

Dextral  (Lat.  dextra,  the  right  hand).  Right-handed  ;  applied  to  the  direc- 
tion of  the  spiral  in  the  greater  number  of  univalve  sliells. 

Diaphragm  (Gr.  diaphragvm,  a  partition).  Tlie  "  midriff,"  or  the  muscle 
which  in  MamraaUa  forms  a  partition  between  the  cavities  of  the  thorax 
and  abdomen. 

Diastema  ((Jr.  dia,  apart ;  histemi,  I  place).  A  gap  or  interval,  especially 
between  teeth. 

DiASTOL^;  (Gr.  diastello,  I  separate  or  expand).  The  expansion  of  a  contractile 

cavity  such  as  the  heart,  which  follows  its  contraction  or  "  systole." 
DiATOMACEiE  (Gr.  diatemno,  I  sever).    An  order  of  minute  jDlauts,  which  are 

provided  vdtli  siliceous  envelopes. 
DiBRANCHiATA  (Gr.  dis,  twice ;  hragchia,  gill).     The  order  of  Cephalopoda, 

(comprising  tlie  Cuttle-fishes,  &c.)  in  which  only  two  gills  are  present. 
DiCYNODONTiA  (Gr.  dis,  twice ;  Icuon,  dog ;  odous,  tooth).    An  extinct  order 

of  Reptiles. 

DiDELPHiA  (Gr.  dis,  twice ;  delphxis,  womb).    The  subdivision  of  Mammals 

comprising  the  Marsupials. 
Digit  (Lat.  digitus,  a  finger).    A  finger  or  toe. 

DiGiTiGRADA  (Lat.  (^vV/ites;  gradior,  twalli).    A  subdivision  of  the  Cam?'t5ora. 
DiGiTiGRADE.    Walking  upon  the  tips  of  the  toes,  and  not  upon  the  soles  of 
the  feet. 

DiMEROSOMATA  (Gr.  dis ,;  meros,  part ;  soma,  body).    An  order  of  Arachnida, 

comprising  the  true  Spiders,  so  called  from  the  marked  division  of  the  body 

into  two  regions,  the  cephalothorax  and  abdomen.    The  name  Araneida  is 

often  employed  for  the  order. 
DiMYARY  (Gr.  dis,  twice  ;  muon,  muscle).    Applied  to  those  bivalve  Molluscs 

(Lamellibranchiata)  in  which  the  shell  is  closed  by  two  adductor  muscles._ 
Dioscious  (Gr.  dis,  twice  ;  oikos,  house).    Having  the  sexes  distinct ;  applied 

to  species  which  consist  of  male  and  female  individuals. 
DiPHYODONT  (Gr.  dis,  twice  ;  phuo,  I  generate  ;  odous,  tooth).    Applied  to 

those  Mammals  which  have  two  sets  of  teeth. 
DiPHYOZOOiDS.    Detached  reproductive  portions  of  adult  Calycophoridce,  an 

order  of  oceanic  Hydrozoa. 
Dipnoi  (Gr.  dis,  twice  ;  pnoe,  breath).    The  order  of  fishes  represented  by  the 

Lepidosiren. 

DiPTERA  (Gr.  dis,  twice  ;  pteron,  wing).    An  order  of  insects  characterised  by 

the  possession  of  two  wings. 
Discoid  (Gr.  diskos,  a  cjuoit ;  eidos,  form).   Shaped  like  a  round  plate  or  quoit. 
DiscoPHORA  (Gr.  diskos,  a  quoit ;  phero,  I  carry).    This  term  is  applied  to 

the  Medusce,  or  Jelly-fishes,  from  their  form ;  and  is  sometimes  used  to 

designate  the  order  of  the  Leeches  {Hirudinea)  from  the  suctorial  discs 

which  these  animals  possess. 
Dissepiments  (Lat.  dissepio,  I  partition  off).  Partitions.  Used  in  a  restricted 

sense  to  designate  certain  imperfect  transverse  partitions,  which  grow  from 

the  septa  of  many  corals. 
Distal.    Applied  to  the  quicldy  growing  end  of  the  hydrosoma  of  a  Hydro- 
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zoiin;  the  opposite,  or  "proximal,"  extremity  growing  less  rapidly,  and 
being  the  end  by  which  the  organism  is  fixed,  when  attached  at  all. 

Diurnal  (Lat.  dies,  day).    Applied  to  animals  which  are  active  during  the  day. 

DiVEimcuLUM  (Lat.  divcrtmdum,  a  by-road).  A  lateral  tube  with  a  blind 
extremity  springing  from  the  side  of  another  tube. 

Dorsal  (Lat.  dorsum,  back).    Connected  with  the  back. 

DoRSiBRANCHiATE  (Lat.  doTSUvi,  tlie  back  ;  Gr.  Imujchia,  gill).  Having  ex- 
ternal gills  attached  to  the  bade ;  applied  to  certain  Annelides  and  Molluscs. 
The  term  is  of  mongrel  composition,  and  "  notobranchiate  "  is  more  correctly 
employed. 

EcDERON  (Gr.  ek,  out ;  dews,  skin).  The  outer  plane  of  growth  of  the  externa 

integumentary  layer  (viz.,  the  ectoderm,  or  epidermis). 
EcDYsis  (Gr.  ekdus'i^,  a  stripping  off).    A  shedding  or  moulting  of  the  skin. 
ECHINOCOCCI  (Gr.  echinos,  a  hedgehog;  kokkos,  a  berry).    The  larval  forms 

(scolices)  of  the  tapeworm  of  the  ^Q^{Tcenia  ecldnococcus),  commonly  known 

as  " hydatids." 

ECHINODERJIATA  (Gr.  ecMnos  ;  and  derma,  skin).  A  class  of  animals  compris- 
ing the  Sea-urchins,  Star-fishes,  and  others,  most  of  which  have  spiny  skins. 

EcHiNOiDEA  (Gr.  echinos;  and  eidos,  form).  An  order  of  -Echinodennata,  com- 
prising the  Sea-urchins. 

EcHiNOPiEDiUM  (Gr.  echinos,  a  hedgehog ;  ^midion,  a  child).  A  term  applied 
to  the  embryo  or  larva  of  the  Echinodermata. 

EcHiNULATE.    Possessing  spines. 

EcTOCYST  (Gr.  ektos,  outside  ;  kustis,  a  bladder).    The  external  investment  of 

the  ccencecium  of  a  Polyzodn. 
Ectoderm  (Gr.  ektos;  smA  derma,  skin).    The  external  integumentary  layer 

of  the  Ccelenterata. 

EcTOSARC  (Gr.  ektos;  sarx,  flesh).    The  outer  transparent  sarcode  -  layer  of 

certain  Rhizopods,  such  as  the  Amoeba. 
Edentata  (Lat.  e,  without ;  dens,  tooth).  An  order  of  Mammalia,  often  called 

Briita. 

Edentulous.  Toothless ;  Avitliout  any  dental  apparatus.  Applied  to  the 
mouth  of  any  animal,  or  to  the  hinge  of  the  bivalve  Molluscs. 

Edriophthalmata  (Gr.  hedraios,  sitting  ;  ophthalmos,  eye).  The  division  of 
Crxistacea  in  which  the  eyes  are  sessile,  and  are  not  supported  upon  stalks. 

Elasmobranchii  (Gr.  elasma,  a  plate ;  hragchia,  gill).  An  order  of  Fishes, 
including  the  Sharks  and  Eays. 

Elytra  (Gr.  elutron,  a  sheath).  The  chitinous  anterior  pair  of  wings  in 
Beetles,  which  form  cases  for  the  posterior  membranous  wings.  Also  ap- 
plied to  the  scales  or  plates  on  the  back  of  the  Sea-mouse  (Aphrodite). 

Embryo  (Gr.  en,  in ;  hruo,  I  swell).  The  earliest  stage  at  which  the  young 
animal  is  recognisable  in  the  imjjregnated  ovum. 

Enaliosauria  (Gr.  enalios,  marine ;  saura,  lizard).  Sometimes  employed  as 
a  common  term  to  designate  the  extinct  Keptilian  orders  of  the  Ichthyosauria 
and  Plesiosauria. 

Encephalon  (Gr.  egkf.phalos,  brain).  Tlie  portion  of  the  cerebro-spinal  ner- 
vous axis  contained  within  the  cranium. 

Encephalous  (Gr.  en,  in  ;  kephale,  the  head).  Possessing  a  distinct  head. 
Usually  applied  to  all  the  Mollusca  proper,  except  the  Lamellibranchiata. 

Encystation  (Gr.  en,  in ;  kustis,  a  bag).  The  transformation  undergone  by 
certain  of  the  Protozoa,  when  they  become  motionless,  and  surround  them- 
selves by  a  thick  coating  or  cyst. 

Enderon  (Gr.  en,  in ;  deros,  slcin).  The  inner  plane  of  growth  of  the  outer 
integumentary  layer  (viz.,  the  ectoderm  or  epidermis). 

Endocyst  (Gr.  endon,  within  ;  kustis,  a  bag).  The  inner  membrane  or  intejru- 
mentary  layer  of  a  Polyzoon.  In  Cristatella,  where  there  is  no  "  ectocyst," 
the  endocyst  constitutes  the  entire  integument. 

Endoderm  (Gr.  endo7i ;  and  derma,  skin).  The  inner  integumentary  layer  of 
the  Ccelenterata. 

Endopodite  (Gr.  endon;  and  pons,  foot).  The  inner  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  Crustacean  is  divided. 
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Endosarc  (Gr.  endon;  and  sarx,  flesh).  The  inner  molecular  layer  of  earcode 

in  the  A  mAdm,  and  other  allied  lihizopods. 
Endoskiolioton  (Gr.  endon;  and  .s/celdos,  dry).    The  internal  hard  structures, 

such  as  bones,  which  serve  for  the  attachment  of  muscles,  or  the  ijrotection 

of  organs,  and  -which  are  not  a  mere  hardening  of  the  integument. 
Ensifoiim  (Lat.  crisis,  a  sword  ;  forum,  shape).  Sword-shaped. 
Entomophaga  (Gr.  entonut,  insects ;  pha{/o,  I  eat).    A  section  of  the  Mar- 

su]iialia. 

Entomostuaca  (Gr.  entoma,  insects;  ostrakon,  a  shell).  Literally,  shelled 
iusects — applied  to  a  division  of  Crustacea. 

Entozoa  (Gr.  entos,  within  ;  zoiin,  animal).  Animals  which  are  parasitic  in 
the  interior  of  other  animals. 

EocuNic  (Gr.  COS,  dawn  ;  kaims,  new  or  recent).  The  lowest  division  of  the 
Tertiary  rocks,  in  which  species  of  existing  shells  are  to  a  small  extent  re- 
presented. 

Ephippium  (Gr.  ephippion ;  Lat.  ephippium,  saddle).    A  receptacle  on  the 

back  of  the  Daphnia,  in  which  the  winter  eggs  are  deposited. 
EpiDKUMfs  (Gr.  ejji,  upon  ;  derma,  the  true  sldn).    The  outer  non-vascular 

layer  of  the  skin,  often  called  tlie  scarf-skin  or  cuticle. 
EPIMI5RA  (Gr.  epi,  upon  ;  menm,  thigh).    The  lateral  pieces  of  the  dorsal  arc 

of  the  somite  of  a  Crudacean. 
Epipodia  (Gr.  epi,  upon  ;  pous,  the  foot).   Muscular  lobes  developed  from  the 

lateral  and  upper  surfaces  of  the  "foot "  of  some  Mollusca. 
Epipodite  (Gr.  ejii,  upon ;  2}ous,  foot).    A  process  developed  upon  the  basal 

joint,  or  "  protopodite,"  of  some  of  the  limbs  of  certain  Crustacea. 
Episterna  (Gr.  e/ji,  upon ;  stemon,  the  breast-bone).    The  lateral  pieces  of 

the  inferior  or  ventral  arc  of  the  somite  of  a  Crustacean. 
Epistome  (Gr.  e^ji;  and  stoma,  mouth).    A  valve-like  organ  which  arches  over 

the  mouth  in  certain  of  the  Polyzoa. 
Epitheca  (Gr.  ei^i ;  and  theke,  a  sheath).   A  continuous  layer  surrounding  the 

thecse  in  some  Corals  externally. 
Epizoa  (Gr.  epi,  upon  ;  zoon,  animal).    Animals  which  are  parasitic  upon 

other  animals.    In  a  restricted  sense,  a  division  of  Crustacea  which  are 

parasitic  upon  fishes. 
Equilateral  (Lat.  cequus,  equal ;  latus,  side).    Having  its  sides  equal.  Usu- 
ally applied  to  the  shells  of  the  Brachiopoda.    "When  applied  to  the  spiral 

shells  of  the  Foraminifera,  it  means  that  all  the  convolutions  of  the  shell 

lie  in  the  same  plane. 
EQun'ALVE  (Lat.  wquus,  equal ;  valvce,  folding-doors).    Applied  to  shells 

which  are  composed  of  two  equal  pieces  or  valves. 
Errantia  (Lat.  erro,  I  wander).  An  order  of  Annelida,  often  called  Xereidea, 

distinguished  by  their  great  locomotive  powers. 
Eurtpterida  (Gr.  eurus,  broad ;  pteron,  wing).    An  extinct  sub-order  of 

Criistacea. 

ExopoDiTE  (Gr.  exo,  outside ;  pons,  foot).  The  outer  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  Crustacean  is  divided. 

ExosKELETON  (Gr.  eoM,  outside  ;  skeletos,  dry).  The  external  skeleton,  which 
is  constituted  by  a  hardening  of  the  integument,  and  is  often  c-alled  a 
"  dermoskeleton." 

Fasciculated        fasciculus,  a  bundle).    Arranged  in  bundles. 

Fauna  (Lat.  Fauni,  the  rural  deities  of  the  Romans).  The  general  assem- 
blage of  the  animals  of  any  region  or  district. 

Femur.  The  thigh-bone,  intervening  between  the  pelvis  and  the  bones  of  the 
leg  proper  {tihia  and  fibula). 

Fibula  (Lat.  a  brooch).  The  outermost  of  the  two  bones  of  the  leg  in  the 
higher  Vertebrata  ;  coiTesponding  to  the  idna  of  the  fore-arm. 

Filiform  (Lat.  Mum,  a  thread  ;  forma,  shape).  Thread-shaped. 

Fissilinguia  (Lat.  jindo,  I  cleave  ;  lingua,  tongue).  A  division  of  Lacertilia, 
with  bifid  tongues. 

Fission  (Lat.  findo,  I  cleave).  Multiplication  by  means  of  a  process  of  sell- 
division. 
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FissiPAKOUS  (Lat.  findo  ;  tm^pario,  I  produce).  Giving  origin  to  fresh  struc- 
tures bj^  a  process  of  fission. 

FissiROSTKES  (Lat.  findo,  I  cleave;  rostmm,  Leak).  A  sub-order  of  the 
Perching  Birds. 

Flagellum  (Lat.  for  whip).  The  hash-like  appendage  possessed  by  many  l7i,- 
fusm-ia,  which  are  therefore  said  to  be  "  flagellate." 

Flora  (Lat.  Ilora,  the  goddess  of  flowers).  The  general  assemblage  of  the 
plants  of  any  region  or  district. 

Foot-jaws.  The  limbs  of  Crustacea,  which  are  modified  to  subserve  masti- 
cation. ,     1  . 

Foot-secretion.  Tlie  term  applied  by  Mr  Dana  to  the  sclerobasic  corallum 
of  certain  ^c<mo2oa. 

Foot-tubercles.  The  imarticulated  appendages  of  the  Annelida,  often  called 
parapodia. 

FOR.VMINIFERA  (Lat.  foramen,  an  aperture  ;  fero,  I  carry).  An  order  of  Pro- 
tozoa, usually  characterised  by  the  possession  of  a  shell  perforated  by 
numerous  pseudopodial  apertures. 

FRuen^OROUS  (Lat.  frux,  fruit';  voro,  I  devour).    Living  upon  fruit. 

FuRCULUM  or  FuRCULA  (Lat.  dim.  ot  furca,  a  fork).  The  "  merry -thought " 
of  birds,  or  the  V-shaped  bone  formed  by  the  united  clavicles. 

Fusiform  (Lat.  fusxi,s,  a  spindle ;  and  forma,  shape).  Spindle-shaped,  or 
pointed  at  both  ends. 

Gallinacei  (Lat.  galUna,  a  fowl).  Sometimes  applied  to  the  whole  order  of 
the  Easorial  Birds,  but  properly  restricted  to  that  section  of  the  order  of 
which  the  common  Fowl  is  a  typical  example. 

Ganglion  (Gr.  gagglion,  a  knot).  A  mass  of  nervous  matter  containing  nerve- 
cells,  and  giving  origin  to  nerve-fibres. 

Ganoid  (Gr.  ganos,  splendour,  brightness).  Applied  to  those  scales  or  plates 
which  are  composed  of  an  inferior  layer  of  true  bone  covered  by  a  superior 
layer  of  polished  enamel. 

Ganoidei.    An  order  of  Fishes. 

Gasteropoda  (Gr.  gaster,  stomach  ;  pous,  foot).  The  class  of  the  Mollusca 
compi'ising  the  ordinary  univalves,  in  which  locomotion  is  usually  effected 
by  a  muscular  expansion  of  the  under  surface  of  the  body  (the  "foot"). 

Gastrula  (Gr.  dim.  of  gaster,  stomach).  A  name  applied  by  Hteckel  to  that 
developmental  stage  in  various  animals,  in  which  the  embryo  consists  of  two 
fundamental  membranes,  an  outer  and  an  inner,  enclosing  a  central  cavity. 

Gemm^  (Lat.  gemma,  a  bud).  The  buds  produced  by  any  animal,  whether 
detached  or  not. 

Gemmation.    The  process  of  producing  new  structures  by  budding. 
Gemmiparous  (Lat.  gemma,  a  bud  ;  pario,  I  produce).    Giving  origin  to  new 

structures  by  a  process  of  buddmg. 
Gemmules  (Lat.  dim.  of  gemma).   The  ciliated  embryos  of  many  Coelenterata  ; 

also  the  seed-like  reproductive  bodies  or  "  spores  "  of  Spongilla. 
Gephyhea  (Gr.  gephura,  a  bridge).    A  class  of  the  Anartliropoda,  comprising 

the  Spoon-woi-ms  (Sipunculics)  and  their  allies. 
Gizzard.    A  muscular,  division  of  the  stomach  in  Birds,  Insects,  &c. 
Gladius  (Lat.  a  sword).    Applied  to  the  horny  endoskeleton  or  "pen"  of 

certain  Cuttle-fishes. 
Glenoid  (Gr.  glejie,  a  cavity  ;  eidos,  form).    A  shallow  cavity  ;  applied  espe- 
cially to  the  shallow  articular  cavity  in  the  shoulder-blade  to  which  the  head 

of  the  humerus  is  jointed. 
Gnathites  (Gr.  gnathos,  a  jaw).    The  masticatory  organs  of  Crustacea. 
GONANGIUM  (Gr,  gonos,  offspring;  and  aggeion,  a  vessel).    The  chitinous 

receptacle  in  which  the  reproductive  buds  of  certain  of  the  Hydrozoa  are 

produced. 

Gonoblastidia  (Gr.  gonos,  offspring ;  hlastidion,  dim.  of  hlastos,  a  bud).  The 
processes  which  carry  the  reproductive  receptacles,  or  "gonophores,"  in 
many  of  the  Hydrozoa. 

GONOCALYX  (Gr.  gonos ;  and  halux,  cup).  The  swimming-bell  in  a  medusiform 
gonophore,  or  the  same  structure  in  a  gonophore  which  is  not  detached. 
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GONOPHOHE  (Gr.  (jonns  ;  and  -nhero,  I  carry).  Tlie  generative  l.n<l.s,  or  recep- 
tacles ot  the  reproductive  elements,  in  the  llijdruzoa,  wlietlier  tlie.se  Ijecon  e 
detached  or  not. 

GONOSOMK  (Gr.  ijunnH;  and  mna,  body).    Applied  as  a  collective  term  to  tlu^ 

reproductive  zoiiids  of  a  Ilydrozoon. 
GoNOTHiocA  (Gr.  (jonos;  and  thcJce,  a  case).    The  chitinous  receptacle  within 

which  tlie  gonophores  of  certain  of  tlie  ITydrozoa  are  produced. 
Grall.vtoues  (Lat.  (jiulkc,  stilts).    The  order  of  the  long-legKed  Wadin- 

Birds.  o    &b  o 

Granivorous  (Lat.  granuni,  a  grain  or  seed ;  voro,  I  devour).    Livinc^  upon 

grains  or  other  seeds.  " 
GRAPTOLiTrDiE  (Gr.  gmpho,  I  write ;  Ulhos,  stone).    An  extinct  sub-class  of 

the  Hydrozoa. 

Gregarinida  (Lat.  gregarius,  occurring  in  numbers  together).  A  class  of  the 
Protozoa. 

Guard.    The  cylindrical  fibrous  sheath  with  which  the  internal  chambered 

shell  (phragmacone)  of  a  Belemnite  is  protected. 
Gtmnoblastic  (Gr.  guvmos,  naked ;  and  blastos,  a  bud).    Applied  by  Prof. 

AUman  to  those  Hydrozoa  in  which  the  nutritive  and  reproductive  buds  au- 

not  protected  by  horny  receptacles. 
Gymnol^emata  (Gr.  gumnos,  naked ;  laimos,  tlie  throat).    An  order  of  tlie 

Polyzoa  in  which  the  mouth  is  devoid  of  the  valvular  structure  known  a.s 

the  "  epistome." 

Gymnophioxa  (Gr.  gumnos,  naked;  aphis,  a  snake).  The  order  of  the  Am- 
phibia comprising  the  snake-like  Ccecilice. 

Gymnophthalmata  (Gr.  gumnos;  and  ophthalmos,  the  eye).  Applied  by 
Edward  Forbes  to  those  Medusce  in  which  the  eye-specks  at  the  margin  of 
the  disc  are  unprotected.    The  division  is  now  abandoned. 

Gymnosomata  (Gr.  gumnos  ;  and  soma,  the  body).  The  order  of  Pteropoda 
in  which  the  body  is  not  protected  by  a  shell. 

Gynophores  (Gr.  gune,  woman ;  phero,  I  carry).  The  generative  buds,  or 
gonophores,  of  Hydrozoa,  whicli  contain  ova  alone,  and  differ  in  form  from 
those  which  contain  spermatozoa. 

Gyrencephala  (Gr.  guroo,  I  wind  about ;  exjlcepUalos,  brain).  Api^lied  by 
Owen  to  a  section  of  the  Mammalia  in  which  the  cerebral  hemispheres  are 
abundantly  convoluted. 

H^MAL  (Gr.  haima,  blood).  Connected  with  the  blood-vessels,  or  with  tlie 
circulatory  system. 

HiEMATOCRYA  (Gr.  haima,  blood ;  cruos,  cold).    Applied  by  OAven  to  the 

"cold-blooded"  Vertebrates — viz.,  the  Fishes,  Amphibia,  and  Reptiles. 
H/EMATOTHERMA  (Gr.  haima,  blood ;  thermos,  warm).    Applied  by  Owen  to 

the  "warm-blooded"  Vertebrates — viz.,  Birds  and  Mammals. 
Hallux  (Lat.  allex,  the  thumb  or  great  toe).    The  inuenuost  of  the  fiv'j 

digits  which  normally  compose  the  hind  foot  of  a  Vertebrate  animal.  Li 

man,  the  great  toe. 

Halteres  (Gr.  halteres,  weights  iised  by  athletes  to  steady  themselves  in  leap 
ing).  The  rudimentary  filaments  or  "balancers"  which  rei^reseut  th 
posterior  pair  of  wings  in  the  Diptera,  an  order  of  Insects. 

Haustellate  (Lat.  haurio,  I  drink).  Adapted  for  sucking  or  pumping  u 
fluids  ;  applied  to  the  mouth  of  certain  Crustacea  and  Itisecia. 

Hectocotylus  (Gr.  hekaton,  a  hundred ;  kotulos,  a  cup).  The  metamorphose 
reproductive  arm  of  certain  of  the  male  Cuttle-fishes.  In  the  Argonaut  th 
arm  becomes  detached,  and  was  originally  described  as  a  parasitic  worm. 

Heliozoa  (Gr.  helios,  sun ;  zolin,  animal).  An  order  of  Protozoa,  with  radi 
ating  pseudopodia. 

Helminthoid  (Gr.  helmins,  an  intestinal  worm).  Worm-shaped,  vermiform. 
Hemelytra  (Gr.  hemi,  half ;  elutron,  a  sheath).  The  wings  of  certain  Insects 

in  which  the  apex  of  the  wing  is  membranous,  whilst  the  inner  portion  is 

chitinous,  and  resembles  the  elytron  of  a  beetle. 
Hemimetabolic  (Gr.  hevii,  half;  metabole,  change).   Applied  to  those  Insects 

which  undergo  an  incomplete  metamorphosis. 
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Hejiiptera  (Gr.  hemi ;  and ptcroii,  wing).    An  order  of  Insects  in  wliich  tlie 

anterior  wings  are  sometimes  '' hemelytra. " 
Heuma^^hkoditk  (Gr.  Hermes,  Mercury;  Aphrodite,  Venus).    Possessing  the 

characters  of  both  sexes  combined. 
Heterocera  (Gr.  heteros,  diverse ;  kcras,  horn).     Applied  to  tlie  Motlis 

amongst  the  Lepidoptera,  on  account  of  the  great  variety  of  shape  in  their 

antennre. 

Hetkuocercal  (Gr.  heteros,  diverse  ;  kerkos,  tail).    Applied  to  the  tail  of 

Fishes  when  it  is  unsymmetrical,  or  composed  of  two  unequal  lobes. 
Heterogangliate  (Gr.  heteros,  diverse ;  gatjglion,  a  knot).    Possessing  a 

nervous  system  in  which  the  ganglia  are  scattered  and  unsymmetrical  (as 

in  the  Mollusca,  for  example). 
Heterogenesis  or  Heterogeny  (Gr.  heteros,  diverse ;  genesis,  origin,  birth). 

The  production  of  living  beings  without  pre-existent  living  beings.    Or,  the 

supposed  production  of  a  living  being  of  one  kind  from  a  part  or  the  whole 

of  the  matter  of  another  living  being  of  a  perfectly  different  kind. 
Hetero.morphic  (Gr.  heteros  ;  morphe,  form).    Differing  in  form  and  shape. 
Heterophagi  (Gr.  heteros,  other  ;  phago,  I  eat).    Applied  to  Birds  the  yoimg 

of  which  are  born  in  a  helpless  condition,  and  require  to  be  fed  by  the 

parents  for  a  longer  or  shorter  period. 
Heteropoda  (Gr.  heteros,  diverse  ;  podes,  feet).    An  aberrant  group  of  the 

Gasteropods,  in  which  the  foot  is  modified  so  as  to  form  a  swimming 

organ. 

Hexapod  (Gr.  hexa,  six ;  pous,  foot).    Possessing  six  legs ;  applied  to  the 
Insecta. 

HiLUM  (Lat.  hilmn,  a  little  thing).    A  small  aperture  (as  in  the  gemmules  of 

sponges),  or  a  small  depression  (as  in  JSoctiluca). 
Hirudinea  (Lat.  hirudo,  a  horse-leech).    The  order  of  Annelida  comprising 

the  Leeches. 

Histology  (Gr.  histos,  a  web  ;  logos,  a  discourse).    The  study  of  the  tissues, 

more  especially  of  the  minuter  elements  of  the  body. 
HoLOCEPHALi  (Gr.  holos,  whole  ;  kephale,  head).    A  sub-order  of  the  Elasmo- 

hranchii  comprising  the  Chimwrce. 
HoLOMETABOLic  (Gr.  holos,  whole  ;  metabole,  change).    Applied  to  Insects 

which  undergo  a  complete  metamorphosis. 
HoLOSTOMATA  (Gr.  holos,  whole  ;  stoma,  mouth).   A  division  of  Gasteropodous 

Molluscs,  in  which  the  aperture  of  the  shell  is  rounded,  or  "entire." 
HoLOTHOROiDEA  (Gr.  holothmtrion  J  and  eidos,  form).  An  order  of  Echinoder- 

mata,  comprising  the  Trepangs. 
HoMOCERCAL  (Gr.  homos,  same ;  kerJcos,  tail).    Applied  to  the  tail  of  Fishes 

when  it  is  symmetrical,  or  composed  of  two  equal  lobes. 
HoMOGANGLiATE  (Gr.  homos,  like  ;  gagglion,  a  knot).    Having  a  nervous  sys- 
tem in  which  the  ganglia  are  symmetrically  ai ranged  (as  in  the  Annulosa, 
'■  for  example). 

HOMOLOGOos  (Gr.  homos;  and  logos,  a  discourse).    Applied  to  parts  which 

are  constructed  upon  the  same  fundamental  plan. 
HOMOMORPHOUS  (Gr.  homos  ;  and  morphe,  form).    Having  a  similar  external 

appeai'ance  or  form. 
Humerus.    The  bone  of  the  upper  arm  {brachium)  in  the  Vertebrates. 
Hyaline  (Gr.  hualos,  crystal).    Crystalline  or  glassy. 

Hydatids  (Gr.  hudaiis,  a  vesicle).    The  vesicle  containing  the  larval  forms 

(liclanococci)  of  the  tape-worm  of  the  dog. 
Hydraporm.    Resembling  the  common  fresh-water  polype  (Hi/dra)  in  form 
Hydranth  (Gr.  hudra,  water-serpent ;  and  anthos,  flower).    The  "ijolvpite" 

or  proper  nutritive  zociid  of  the //2/(iro2oa. 
Hydrocaulus  (Gr.  hudra,  a  water-serpent ;  and  katdos,  a  stem).    The  main 

stem  of  the  coenosarc  of  a  Uydrozoon. 
Hydrocysts  (Gv  hudra;  and  kustis,  a  cyst).    Curious  processes  attached  to 

the  ccenosarc  of  the  Physophorid(z,  and  termed  "  feelers  "  iFmer  and  Taster 

01  the  Germans. 

Hydrcecium  (Gr.  hudra;  and  oikos,  a  house).   The  chamber  into  which  the 
coenosarc  m  many  of  the  Calycophoridcc  can  be  retracted. 
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Hydhoida  (Gr.  hvdm ;  and  eiao,,  form).  The  .snl,.class  of  the  Hydrozoa 
wlucli  comprises  the  animals  most  nearly  allied  to  the  Hydra 

HYDiiOPHYLhiA  (Gr.  Imdra;  md  pkullon,  a  leaf).  Overlanpinf?  appendaijes 
or  plates  which  protect  the  polyi.ites  in  some  of  the  oceanic  /JydnL, 
{talycophorulw  and  Physopkoridte).  They  are  often  termed  "  bracts  "  and 
are  the  " /^lec/csiiwc^e"  of  the  Germans. 

Htdkouhiza  (Gr.  hudra  ;  and  rhiza,  root).  The  adherent  base  or  proximal 
e.xti-emity  of  any  7/7/f(!?'a^wV72,. 

HvDuosoMA  (Gr.  hmlra ;  and  soma,  body).  The  entire  organism  of  any 
Hydrnzoori. 

Hydiuithkca  (Gr.  hudra;  and  theU,  a  case).  The  little  chitinous  cup  in 
which  the  polypites  of  the  SerLularida  and  (Jampanularida  are  protected. 

Hydrozoa  (Gr.  hudra ;  and  zoiin,  animal).  The  class  of  the  Ccelenterata 
which  comprises  animals- constructed  after  the  type  of  the  Hydra,. 

Hymenopteha  (Gr.  humen,  a  membrane;  2^i<i'''on,  awing).  An  order  of  In- 
sects (comprising  Beetles,  Ants,  &c.)  characterised  by  the  po-ssession  of  four 
membranous  wings. 

Hyoid  (Gr.  (J;  eidos,  form).  Tlie  bone  which  supports  the  tongue  in  Verte- 
brates, and  derives  its  name  from  its  resemljlance  in  man  to  the  Greek 
letter  U. 

Hypostome  (Gr.  hupo,  under  ;  stoma,  mouth).    Tlie  upper  lip,  or  "labrum," 

of  certain  Crustacea  (e.g.,  Trilobites). 
Hyracoidea  (Gr.  hnrax,  a  shrew  ;  eidos,  form).    An  order  of  the  Mammalia 

constituted  for  the  reception  of  the  single  genus  Hyrax. 

IcHTHTODORULiTE  (Gr.  icMhus,  fish  ;  dorus,  spear  ;  lithos,  stone).  The  fossil 
fin-spines  of  Fishes. 

Ichthyomorpha  (Gr.  ichthus ;  morphe,  shape).  An  order  of  Amphibians, 
often  called  Urodela,  comprising  the  fish-like  Newts,  &c. 

ICHTHYOPHTHIRA  (Gr.  icliVms  ;  iMheir,  a  louse).  An  order  of  Crustacea  com- 
prising animals  which  are  parasitic  upon  Fishes. 

ICHTHYOPSIDA  (Gr.  ichthus ;  opsis,  appearance).  The  primary  division  of 
Vertebrata,  comprising  the  Fishes  and  Amphibia.  Often  spoken  of  as  the 
Branchiate  Vertebrata. 

IcHTHYOPTERYGiA  (Gr.  ichthus  ;  %>terux,  wing).    An  extinct  order  of  Reptiles. 

IcHTHYOSAURiA  (Gr.  ichthus ;  saura,  lizard).  Synonymous  with  Ichthyo- 
pterygia. 

Ilium.  The  haunch-bone,  one  of  the  bones  of  the  pelvic  arch  in  the  higher 
Vertebrates. 

Imago  (Lat.  an  image  or  apparition).  The  perfect  insect,  after  it  has  under- 
gone its  metamorphoses. 

Imbricated.    Applied  to  scales  or  plates  which  overlap  one  another  like  tiles. 

Incisor  (Lat.  incido,  I  cut).  The  cutting  teeth  fixed  in  the  intermaxillary 
bones  of  the  Mammalia,  and  the  corresponding  teeth  in  the  lower  jaw. 

Inequilateral.  Having  the  two  sides  unequal,  as  in  the  case  of  the  shells 
of  the  ordinary  bivalves  (Lamellibranchiata).  When  applied  to  the  shells 
of  the  Foraminifera,  it  implies'  that  the  convolutions  of  the  shell  do  not  lie 
in  the  same  plane,  but  are  obliquely  wound  round  an  axis. 

lyEQUiVALVE.    Composed  of  two  unequal  pieces  or  valves. 

Infundibulum  (Lat.  for  funnel).  The  tube  formed  by  the  coalescence  or 
apposition  of  the  epipodia  in  the  Cephalopoda  —  commonlj'-  termed  the 
"  funnel"  or  "siphon." 

Infusoria  (Lat.  infusum,  an  infusion).  A  class  of  Protozoa,  so  called  be- 
cause they  are  often  developed  in  organic  infusions. 

Inguinal  (Lat.  inguen,  groin).    Connected  with,  or  situated  upon,  the  groin. 

Inoperculata  (Lat.  in,  without ;  operculum,  a  lid).  The  division  of  pul- 
monate  Gasteropoda  in  which  there  is  no  shelly  or  horny  plate  (operculum) 
by  which  the  shell  is  closed  when  the  animal  is  withdrawn  within  it. 

Insecta  (Lat.  inseco,  I  cut  into).  The  class  of  Articulate  animals  commonly 
known  as  Insects. 

Insectivora  (Lat.  insectum,  an  insect ;  voro,  I  devour).    An  order  of  Mammals. 
I^^SEOTIVOROUS.    Living  upon  Insects. 
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Insessores  (Lat.  insedeo,  I  sit  i;pon).  The  order  of  the  Perching  Birds,  often 
called  Fasseres. 

Interambulacra.  The  rows  of  plates  in  an  Mchinoderm  which  are  not  per- 
forated for  the  emission  of  the  "tube-feet." 

iNTERMAXiLLiE  or  Pr^emaxilLjE.  The  two  hones  which  are  situated  between 
the  two  superior  maxillje  in  Vcrtcbrata.  In  man,  and  some  monkeys,  the 
prajmaxillse  anchylose  with  the  maxillae,  so  as  to  be  irrecognisable  in  the 
adult. 

Intussusception  (Lat.  mtus,  within  ;  siiscijrio,  I  take  up).  The  act  of  taking 
foreign  matter  into  a  living  being. 

Jnvertebrata  (Lat.  in,  without;  vertebra,  a  bone  of  the  back).  Animals 
without  a  spinal  column  or  backbone. 

Ischium  (Gr.  ischion,  the  hip).  One  of  the  bones  of  the  pelvic  arch  in  Verte- 
brates. 

Isopoda  (Gr.  isos,  equal ;  podes,  feet).  An  order  of  Crustacea  in  which  the 
feet  are  all  like  one  another  and  equal. 

JuGULiVR  (Lat.  fuf/uliim,  the  throat).  Connected  with,  or  placed  upon,  the 
throat.  Applied  to  the  ventral  fins  of  fishes  when  they  are  placed  beneath 
or  in  advance  of  the  pectorals. 

Kainozoic  (Gr.  Jcainos,  recent ;  zoe,  life).    The  Tertiary  period  in  Geology, 

comprising  those  formations  in  which  the  organic  remains  approximate  more 

or  less  closely  to  the  existing  fauna  and  flora. 
Keratode  (Gr.  keras,  horn  ;  eidos,  form).    The  horny  stibstance  of  which  the 

skeleton  of  many  Sponges  is  made  up. 
.Kjiratosa.    The  division  of  Sponges  in  which  the  skeleton  is  composed  of 

keratode. 

Labium  (Lat.  for  lip).    Eestricted  to  the  lower  lip  of  Articulate  animals. 
Labrum  (Lat.  for  lip).    Eestricted  to  the  upper  lip  of  Articiilate  animals. 
Labyrinthodontln.  (Gr.  lahurinthos,  a  labyrinth  ;  odous,  tooth).    An  extinct 

order  of  Amphibia,  so  called  from  the  complex  microscopic  structure  of 

the  teeth. 

Lacertilia  (Lat.  lacerta,  a  lizard).  An  order  of  Reptilia  comprising  the 
Lizards  and  Slow-worms. 

L^MODiPODA  (Gr.  laimos,  throat ;  dis,  twice  ;  podes,  feet).  An  order  of  Crus- 
tacea, so  called  because  they  have  two  feet  placed  far  forwards,  as  it  were 
iinder  the  throat. 

Lamellibranchiata  (Lat.  lamella,  a  plate ;  Gr.  hragcUa,  gill).  The  class  of 
MoUusca,  comprising  the  ordinary  bivalves,  characterised  by  the  possession 
of  lamellar  gills. 

LA:«ELLmosTRES  (Lat.  Imnella,  a  plate  ;  rostrum,  beak).  The  flat  -  billed 
Swimmiug  Birds  (Xatatores),  such  as  Ducks,  Geese,  Swans,  &c. 

Larva  (Lat.  a  mask).  The  insect  in  its  first  stage  after  its  emergence  from 
the  egg,  when  it  is  usually  very  different  from  the  adult. 

Larynx.  The  upper  part  of  the  windpipe,  forming  a  cavity  with  appropriate 
muscles  and  cartilages,  situated  beneath  the  hyoid  bone,  and  concerned  in 
Mammals  in  the  production  of  vocal  sounds. 

Lenticular  (Lat.  lens,  a  bean).    Shaped  like  a  biconvex  lens. 

Lepidoptera  (Gr.  lepis,  a  scale ;  pteron,  a  wing).  An  order  of  Insects,  com- 
prising Butterflies  and  Moths,  characterised  by  possessing  four  wings  which 
are  usually  covered  with  minute  scales. 

Lepidota  (Gr.  lepis,  a  scale).  Formerly  applied  to  the  order  Dipnoi,  con- 
taining the  Mud-fishes  [Lepidosiren) . 

Leptocardia  (Gr.  leptos,  slender,  small ;  cardia,  heart).  The  name  given  by 
Mliller  to  the  order  of  Fishes  comprising  the  Lancelet,  now  called  Pharvn- 
ffohranchii. 

Ligamentum  NUCHiE  (Lat.  nucha,  the  nape  of  the  neck).    The  band  of  elastic 

fibres  by  which  the  weight  of  the  head  in  Mammalia  is  supported. 
Lingual  (Lat.  linf/na,  the  tongue).    Connected  with  the  tongue. 
Lissencephala  (Gr.  lissos,  smooth ;  egkephalos,  brain).    A  primary  division 
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of  Mcmmalia,  according  to  Owen,  in  wliicli  the  cerebral  hemispheres  are 
smooth  or  have  few  convolutions.  ^ 

LiTHocYSTS  (Gr.  Uthos,  a  stone  ;  histis,  a  cyst).  The  sense-organs  or  "  mar- 
ginal bodies    of  the  Lucernarida  or  Stegan.o'philwAiiiale  Medusa; 

Lonoii'hnnat;e  (Lat.  lowjus,  long  ;  penna,  wing).  A  group  of  the  Natatorial 
jjirds. 

LoNGiuosTREs  (Lat.  longus;  rostrum,  beak).    A  group  of  the  Wadin"  Birds 
LoPHOi'HORE  (Gr.  lo:phos,  a  crest ;  and^Viero,  I  carry).  The  disc  or  stage  upon 

which  tlie  tentacles  of  the  Polyzoa  are  borne. 
LOPHYROi'ODA  (Gr.  lophouros,  having  stilf  hairs  ;  and  x)odes,  feet).    A  section 

of  Crustacea. 

LORTCA  (Lat.  a  breast-plate).  Applied  to  the  protective  case  with  which  cer- 
tain Inf  usoria  are  provided. 

LoRiCATA  (Lat.  lorica,  a  cuirass).  The  division  of  Reptiles  comprising  the 
Chelorda  and  Crocodilia,  in  which  bony  plates  are  developed  in  the  skin 
{derma). 

TjUCErnarida  (Lat.  lucerna,  a  lamp).    An  order  of  the  Hydrozoa. 
Lumbar  (Lat.  lumhus,  loin.)    Connected  with  the  loins. 
Lunate  (Lat.  tuna,  moon).    Crescentic  in  shape. 

Ly^encephala  (Gr.  luo,  I  loose  ;  egkephalos,  brain).  A  primary  division  of 
Mammals  according  to  Owen. 

Macbodactyli  (Gr.  makros,  long ;  daktulos,  a  finger).  A  group  of  the  Wading 
Birds. 

Macrura  (Gr.  makros,  long;  aura,  tail).    A  tribe  of  Decapod  Crustaceans 

with  long  tails  {e.g.,  the  Lobster.  Shrimp,  &c.). 
Madreporiform.    Perforated  with  small  holes,  like  a  coral ;  applied  to  the 

tubercle  by  which  the  anibulacral  system  of  the  JicMnoderms  mostly  com- 
municates with  the  exterior. 
Malacostraca  (Gr.  malakos,  soft ;  ostrakon,  shell).    A  division  of  Crustacea. 

Originally  applied  by  Aristotle  to  the  entire  class  Crustacea,  because  their 

shells  were  softer  than  those  of  the  Mollusca. 
Mallophaga  (Gr.  mallos,  a  fleece  ;  phago,  I  eat).    An  order  of  Insects  which 

are  mostly  parasitic  upon  birds. 
Mammalia  (Lat.  mamma,  the  breast).    The  class  of  Vertebrate  animals  which 

suckle  their  young. 

Mandible  (Lat.  mandibulum,  a  jaw).    The  uj^per  pair  of  jaws  in  Insects ; 

also  applied  to  one  of  the  pairs  of  jaws  in  Crustacea  and  Spiders,  to  the  beak 

of  Cephalopods,  the  lower  jaw  of  Vertebrates,  &c. 
Mantle.    The  external  integument  of  most  of  the  Mollusca,  which  is  largely 

developed,  and  forms  a  cloak  in  which  the  viscera  are  protected.  Techni- 
cally called  the  ' '  pallium. " 
Manubrium  (Lat.  a  handle).    The  polypite  which  is  suspended  from  the  roof 

of  the  swimming-bell  of  a  Medicsa,  or  from  the  gonocalyx  of  a  medusiform 

gonophore  amongst  the  Hydrozoa. 
Manus  (Lat.  the  hand).    The  hand  or  fore-foot  of  the  higher  Vertebrates. 
Marsipobranchii  (Gr.  marsipos,  a  pouch ;  bragchia,  gill).    The  order  of 

Fishes  comprising  the  Hag-fishes  and  Lampreys  with  pouch-like  gills. 
Marsupialia  (Lat.  marsiqnum,  a  pouch).    An  order  of  Mammals  in  which 

the  females  mostly  have  an  abdominal  pouch  in  wliich  the  young  are 

carried. 

Mastax  (Gr.  mouth).  The  muscular  pharynx  or  "buccal  funnel"  into  which 
the  mouth  opens  in  most  of  the  Rotifcra. 

Masticatory  (Lat.  mastico,  I  chew).    Applied  to  parts  adapted  for  chewing. 

Maxillae  (Lat.  jaws).  The  inferior  pair  or  pairs  of  jaws  in  the  Arthro2Mda 
(Insects,  Crustacea,  &c.).    The  upper  jaw-bones  of  Vertebrates. 

Maxillipedes  (Lat.  maxillw,  jav;s ;  2^es,  the  foot).  The  limbs  in  Crusfacea 
and  Myriapoda  which  are  converted  into  masticatory  organs,  and  are  com- 
monly called  "foot-jaws." 

Medulla  (Lat.  marrow).  Applied  to  the  marrow  of  bones  ;  or  to  the  spinal 
cord,  with  or  Mdthout  the  adjective  "  sinnalis." 

JklEDUSJS.    An  order  of  Hydrozoa,  commonly  known  as  Jelly-fishes  (Disco- 
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phora,  or  AcaUphce),  so  called  because  of  the  resemWaure  of  their  tentacles 
ti)  the  snaky  hair  of  the  Medusa.    Many  Medtisce  are  now  known  to  he 
merely  the  gonophores  of  Hydrozoa. 
MiiDUSiFORM.    Resenihling  a  J/et^wm  in  shape. 

Medusoid.    Like  a  Medum;  used  substantively  to  designate  the  medusiform 

gonopliores  of  the  Hydrozoa. 
Membrana  nictitans  (Lat.  nido,  I  wink).    The  third  eyelid  of  Birds,  &c. 
Mentum  (Lat.  the  chin).    The  basal  portion  of  the  labium  or  lower  lip  in 

Insects. 

Merostomata  (Gr.  mei-on,  thigh ;  stoma,  mouth).  An  order  of  Crustacea  m 
which  the  appendages  which  are  placed  round  the  mouth,  and  which  offi- 
ciate as  jaws,  have  their  free  extremities  developed  into  walking  or  pre- 
hensile organs. 

Mesenteries  (Gr.  mesos,  intermediate  ;  enteron,  intestine).  In  a  restricted 
sense,  the  vertical  plates  which  divide  the  somatic  cavity  of  a  Sea-anemone 
(Actinia)  into  chambers. 

Mesopodium  (Gr.  mesos,  middle  ;  pons,  foot).  The  middle  portion  of  the 
"foot  of  Molluscs." 

Mesosternum  (Gr.  mesos,  intermediate;  sternon,  the  breast -bone).  The 
middle  portion  of  the  sternum,  intervening  between  the  attachment  of  the 
second  pair  of  ribs  and  the  xiphoid  cartilage  (xiphisternum). 

Mesothorax  (Gr.  viesos ;  and  thm-ax,  the  chest).  The  middle  ring  of  the 
thorax  in  Insects. 

Mesozoic  (Gr.  mesos  ;  and  zoe,  life).    The  Secondary  period  in  Geology. 
Metacarpus  (Gr.  meta,  after  ;  karpos,  the  wrist).    The  bones  which  form  the 

"root  of  the  hand,"  and  intervene  between  the  wrist  and  the  fingers. 
Metamorphosis  (Gr.  meta,  implying  change  ;  morphe,  shape).    The  changes 

of-  form  Avhich  certain  animals  undergo  in  passing  from  their  younger  to 

their  fully-grown  condition. 
Metapodium  (Gr.  meta,  after  ;  pous,  the  foot).    The  posterior  lobe  of  the  foot 

in  Mollusca  ;  often  called  the  "  operculigerous  lobe,"  because  it  develops  the 

operculum  when  this  structure  is  present. 
Metastoma  (Gr.  meta,  after;  stoma,  mouth).     The  plate  which  closes  the 

mouth  posteriorly  in  the  Crustacea. 
Metatarsus  (Gr.  meta,  after;  tarsos,  the  instep).  The  bones  which  Intervene 

between  the  bones  of  the  ankle  (tarsus)  and  the  digits  in  the  hind-foot  of  the 

higher  Vertebrates. 

Metathorax  (Gr.  vieta,  after  ;  thorax,  the  chest).  The  posterior  ring  of  the 
thorax  in  Insects. 

Metazoa  (Gr.  7neta,  implying  change  ;  zoon,  animal).  Applied  to  animals  in 
which  the  primitive  indifferent  tissue  of  the  embryo  becomes  converted  into 
cells,  which  in  turn  may  or  may  not  be  developed  into  more  complex  tissues. 
Under  this  head  are  included  all  animals  except  the  Protozoa. 

Mimetic  (Gr.  mimetikos,  imitative).  Applied  to  organs  or  animals  which 
resemble  each  other  in  external  appearance,  but  not  in  essential  structure. 

Molars  (Lat.  mola,  a  mill).  The  "grinders"  in  man,  or  the  teeth  in  diphyo- 
dont  Mammals  which  are  not  preceded  by  milk-teeth. 

Mollusca  (Lat.  mollis,  soft).  The  sub-kingdom  which  includes  the  shell- 
fish proper,  the  Polyzoa,  the  Tunicata,  and  the  Lamp-shells  ;  so  called  from 
the  generally  soft  nature  of  their  bodies. 

MoLLUSCOiDA  (Mollusca;  Gr.  eidos,  form).  The  loAver  division  of  the  Mollusca, 
comprising  the  Polyzoa,  Tv.nicata,  and  Bracliiop)oda. 

Monads  (Gr.  monas,  unity).  Microscopical  organisms  of  an  extremely  simple 
character,  developed  in  organic  infusions. 

MoxERA  (Gr.  mnneres,  single).  An  order  of  Protozoa,  comprising  animals 
composed  of  simple  undifferentiated  sarcode. 

Monoculous.    Possessed  of  only  one  eye. 

MoNODELPHiA  (Gr.  monos,  single ;  delphus,  womb).  The  division  of  Mammalia 

in  whicli  the  uterus  is  single. 
MoNCECious  (Gr.  monos,  single;  oikos,  house).    Applied  to  individuals  in 

wliich  the  sexes  are  united. 
MoNOjiYARY  (Gr.  vionos,  single ;  muon,  muscle).    Applied  to  those  bivalves 
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(LnmelUbranchiaia)  in  whicli  the  sliell  is  closed  by  a  single  adductor 
muscle. 

Mono  I'll  YODONT  (Gr.  monos  ;  pJmo,  I  generate  ;  odous,  tooth).  Applied  to  those 
Mammals  in  which  only  a  single  set  of  teeth  is  ever  developed. 

MoNOTHALAMOUS  (Gr.  monos ;  and  ihalamos,  chamber).  Possessing  only  a 
single  chamber.    Applied  to  the  shells  of  Fomminifera  and  Mollusca. 

MoNOTHEMATA  (Gr.  monos ;  trema,  aperture).  The  order  of  Mammals  com- 
prising the  Duck-mole  and  Echidna,  in  which  the  intestinal  canal  opens 
into  a  "cloaca"  coinmon  to  the  ducts  of  the  urinary  and  generative  organs. 

MULTILOCULAR  (Lat.  miillus,  many ;  loculus,  a  little  purse).  Divided'into 
many  chambers. 

MuLTi  VALVE.    Applied  to  shells  which  are  composed  of  many  pieces. 
MULTUNGULA  (Lat.  viultus,  many;  unr/ula,  hoof).    The  division  of  Perisso- 

dactyle  Ungulates,  in  which  each  foot  has  more  than  a  single  hoof. 
Myelon  (Gr.  nmelos,  marrow).    The  spinal  cord  of  Vertebrates. 
Myriapoda  or  Myriopoda  (Gr.  murios,  ten  thousand ;  podes,  feet).    A  class 

of  A  rthropoda  comprising  the  Centipedes  and  their  allies,  characterised  by 

their  numerous  feet. 

Nacreous  (Fr.  nacre,  mother-of-pearl,  originally  Oriental).    Pearly ;  of  the 

texture  of  mother-of-pearl. 
Natatores  (Lat.  nare,  to  swim).    The  order  of  the  Swimming  Birds. 
Natatory  (Lat.  nare,  to  swim).    Formed  lor  swinmiing. 
Nautiloid.    Resembling  the  shell  of  the  Nautilus  in  shape. 
Nectocalyx  (Gr.  necho,  I  swim  ;  kalux,  cup).    The  swimming-bell  or  "disc" 

of  a  Medusa  or  Jelly-fish. 
Nematelmia  (Gr.  nema,  thread  ;  helmins,  a  worm).  The  division  of  Scolecida 

comprising  the  Round-worms,  Thread-worms,  &c. 
Nematocysts  (Gr.  nema,  thread;  kustis,  a  bag).     The  thread-cells  of  the 

Ccelenterata.    [See  GnidaB.) 
Nematoidea  (Gr.  nema,  thread ;  eidos,  form).    An  order  of  Scolecida  com- 
prising the  Thread-worms,  Vinegar-eels,  &c. 
Nematophores  (Gr.  nema,  thread ;  phero,  I  carry).  Cajcal  processes  found  on 

the  coenosarc  of  certain  of  the  Sertularida,  containing  numeroiis  thread-cells 

at  their  extremities. 
Nemertida  (Gr.  Nemertes,  proper  name).    A  division  of  the  Turbellarian 

Worms,  commonly  called  "Ribbon-worms." 
Nervures  (Lat.  nervus,  a  sinew).    The  ribs  which  support  the  membranous 

wings  of  insects. 

Neural  (Gr.  neuron,  a  nerve).    Connected  with  the  nervous  system. 

Neurapophysis  (Gr.  neuron,  a  nerve  ;  apophusis,  a  projecting  part).  _  The 
"  spinous  process  "  of  a  vertebra,  or  the  process  formed  at  the  point  of  junc- 
tion of  the  neural  arches. 

Neuropodium  (Gr.  neuron,  a  nerve  ;  pous,  the  foot).  The  ventral  or  inferior 
division  of  the  "foot-tubercle"  of  an  Annelide;  often  called  the  "ventral 
oar." 

Neuroptkra  (Gr.  neuron;  and pteron,  a  wing).  An  order  of  insects  charac- 
terised by  four  membranous  wings  with  numerous  reticulated  nervures  {e.(j., 
Dragon-flies). 

Neuter  (Lat.  neither  the  one  nor  the  other).    Having  no  fully  developed  sex. 
Nidification  (Lat.  nidus,  a  nest ;  facio,  I  make).    The  building  of  a  nest. 
Nocturnal  (Lat.  71a'?;,  night).    Applied  to  animals  which  are  active  by  night. 
Normal  (Lat.  norma,  a  rule).    Conforming  to  the  ordinary  standard. 
Notobranchiata  (Gr.  notos,  the  back  ;  and  bragchia,  gill).  Carrying  the  gdls 

upon  the  back  ;  applied  to  a  division  of  the  Annelida. 
NOTOCHORD  (Gr.  notos,  the  back ;  chorde,  string).    A  cellular  rod  which  i.s 

developed  in  the  embryo  of  Vertebrates  immediately  beneath  the  spinal 

cord,  and  which  is  usually  replaced  in  the  adult  by  the  vertebral  column. 

Often  it  is  spoken  of  as  the  "  chorda  dorsalis."  ,      •  • 

NOTOPODIUM  (Gr.  notos.  the  back  ;  and  pous,  the  foot).    The  dorsal  division 

of  one  of  the  foot- tubercles  or  parapodia  of  an  Annelide;  often  called  tlie 

"dorsal  oar." 
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Nucleated.    Possessing  a  nucleus  or  central  particle. 

Nucleolus.  1.  The  minute  solid  particle  in  the  interior  of  the  nucleus  of 
some  cells.  2.  The  mimite  spherical  particle  attached  to  the  exterior  of  the 
"nucleus"  or  ovary  of  certain  Infusoria,  performing  the  functions  of  a 

t6st icl6 

Nucleus  (Lat.  nucleus,  a  kernel).  1.  The  solid  or  vesicular  body  found  in 
many  cells.  2.  Tlie  solid  rod,  or  hand-shaped  body  found  in  the  interior  of 
many  of  the  Protozoa,  and  having,  in  certain  of  them,  the  functions  of  an 
ovary.  3.  The  " madreporiform  tubercle"  of  the  Hchinodermaia.  4.  The 
embryonic  shell  which  is  retained  to  form  the  apex  of  the  adult  shell  in 
many  of  the  Mollusca. 

Nudibranchiata  (Lat.  nudus,  naked ;  and  Gr.  hragchia,  gill).  An  order  of 
the  Gasteropoda  in  which  the  gills  are  naked. 

Nymphs.    The  active  pupte  of  certain  Insects. 

Occipital.    Connected  with  the  occiput  or  the  back  part  of  the  head. 

Oceanic.    Applied  to  animals  which  inhabit  the  open  ocean  (= pelagic). 

Ocelli  (Lat.  diminutive  of  oculus,  eye).  The  simple  eyes  of  many  Echino- 
derms,  Spiders,  Crustaceans,  Molluscs,  &c. 

OcTOPODA  (Gr.  octo,  eight ;  pons,  foot).  The  tribe  of  Cuttle-fishes  with  eight 
arms  attached  to  the  head. 

Odontoceti  (Gr.  odous,  tooth;  hetos,  whale).  The  "toothed"  "Whales,  in 
contradistinction  to  the  "whalebone"  Whales. 

Odontoid  (Gr.  odous;  eidos,  form.)  The  "odontoid  process"  is  the  centrum 
or  body  of  the  first  cervical  vertebra  {atlas).  It  is  detached  from  the  atlas, 
and  is  usually  anchylosed  with  the  second  cervical  vertebra  (axis),  and  it 
forms  the  pivot  upon  which  the  head  rotates. 

Odontophore  (Gr.  odous,  tooth;  phero,  I  carry).  The  so-called  "tongue" 
or  masticatory  apparatus  of  Gasteropoda,  Pteropoda,  and  Cephalopoda. 

Odontopteryx  (Gr.  odo%cs,  tooth ;  ptencx,  wing).    An  extinct. genus  of  Birds. 

Odontornithes  (Gr.  odous,  tooth ;  ornis,  bird).  The  extinct  sub-class  of 
Birds  comprising  forms  with  distinct  teeth  in  sockets. 

(Esophagus.    The  gullet  or  tube  leading  from  the  mouth  to  the  stomach. 

OLiGOCH^fflTA  (Gr.  oliffos,  few;  chaite,  hair).  An  order  of  Annelida,  compris- 
ing the  Earth-worms,  in  which  there  are  few  bristles. 

Omasum  (Lat.  bullock's-tripe).  The  third  stomach  of  Euminants,  commonly 
called  the  p.salterium,  or  many-plies. 

Omnivorous  (Lat.  omnia,  everything ;  voro,  I  devour).  Feeding  indiscrimi- 
nately upon  all  sorts  of  food. 

Onychophora  (Gr.  onux,  claw  or  nail ;  phero,  I  carry).  The  order  of  which 
Peripatus,  with  its  hooked  feet,  is  the  type. 

Oocysts  (Gr.  oiin,  egg ;  kustis,  bladder).  Chambers  appended  to  the  cells  of 
certain  of  the  Polyzoa,  which  serve  as  a  receptacle  for  the  eggs.  Sometimes 
called  "  ovicells." 

Opekculata  (Lat.  opercuhtm,  a  lid).  A  division  of  pulmonate  Gasteropoda, 
in  which  the  shell  is  closed  by  an  operculum. 

Operculum.  A  horny  or  sheily  plate  develojjed,  in  certain  Molhisca,  upon 
the  hinder  part  of  the  foot,  and  serving  to  close  the  aperture  of  the  shell 
when  the  animal  is  retracted  within  it ;  also  the  lid  of  the  shell  of  a  Bala- 
nus  or  Acorn-shell ;  also  the  chain  of  flat  bones  which  covers  the  gills  in 
many  fishes. 

Ophidia  (Gr.  ophis,  a  serpent).  The  order  of  Reptiles  comprising  the  Snakes. 

Ophtdobatrachia  (Gr.  ophis;  hatrachos,  a  frog).  Sometimes  applied  to  the 
order  of  Snake-like  Amphibians  comprising  the  Ccecilice. 

Ophiomorpha  (Gr.  ophis;  morphe,  shape).  The  order  of  Amp)hihia  compris- 
ing the  C'wcilice. 

Ophiuroidea  (Gr.  ophis,  snake;  mi/ra,  tail;  eidos,  form).  An  order  of  JEchino- 

dermata  comprising  the  Brittle-stars  and  Sand-stars. 
Opisthobranchiata  (Gr.  opisthen,  behind;  Iracjchia,  gill)".    A  division  of 

Gasteropoda,  in  which  the  gills  are  placed  on  the  posterior  part  of  the  body. 
OpiRTnoccELous  (Gr.  opisthen,  behind  ;  koilos.  hollow).  Applied  to  vertebrse 

the  bodies  of  which  are  hollow  or  concave  behind. 
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Oral  (Lat.  os,  month).    Connected  with  the  mouth. 

S'MZf''r"''  (Gr.  or/./.,  a  bird;  de/phus,  womb).    The  prin.ary  division 

ot  Mammals  comprising  the  Monotrmialu.  '  1         J  ' 

OumTH(«ci.;LiDA  (Gr  ornis,  bird  ;  skelon,  leg).    Applied  by  Huxley  to  the 

iJei  losauriaii  Reptiles,  together  witli  the  genus  Compsognuthus,  on  account 

ot  tlie  bird-hke  characters  of  their  hind-limbs  ^    a  ^ 

OUTHOCICHATID.E  (Gr.  orthm,  straight ;  keras,  horn).    A  family  of  the  Nav- 

tUuia'.,  m  which  tlie  shell  is  straight,  or  nearly  so. 
OiiTHOPTKRA  (Gr.  orthos,  straight ;  2^teron,  wing).    An  order  of  Insects. 
USCULA  (Lat.  diminutive  of  os,  mouth).    1.  The  large  apertures  by  which  a 

sponge  IS  perforated  ("exhalant  apertures").    2.  The  suckers  with  which 

tlie  I  muada  (Tape-worms  and  Cystic  Worms)  are  provided. 
OSSICULA  (Lat.  diminutive  of  os,  bone).    Literally  small  bones.    Often  used 

to  designate  any  hard  structures  of  small  size,  such  as  the  calcareous  plates 

in  the  integument  of  the  Star-fishes. 
OSTRACODA  (Gr.  osirakon,  a  shell).    An  order  of  small  Crustaceans  which  are 

enclosed  iu  bivalve  shells. 
Otoliths  (Gr.  ous,  ear ;  and  lithos,  stone).    The  calcareous  bodies  connected 

with  the  sense  of  hearing,  even  in  its  most  rudimentary  form. 
OvARLVN  Vesicles  or  Capsules.    The  generative  buds  of  the  Sertularida. 
Ovary  (Ovarium).    The  organ  by  which  ova  are  produced. 
Oviparous  (Lat.  ovmji,  an  egg ;  audpario,  I  bring  forth).  Applied  to  animals 

which  bring  forth  eggs,  in  contradistinction  to  those  which  bring  forth  their 

young  alive. 

Ovipositor  (Lat.  ovuvi;  and  po?io,  I  place).  The  organ  possessed  by  some  in- 
sects, by  means  of  which  the  eggs  are  placed  in  a  position  suitable  for  their 
development. 

Ovisac.    The  external  bag  or  sac  in  which  certain  of  the  Invertebrates  carrv 

their  eggs  after  they  are  extruded  from  the  body. 
OvovrviPAROUS  (Lat.  ovum,  egg ;  vivus,  alive ;  pario,  I  produce).    Applied  to 

animals  which  retain  their  eggs  within  the  body  until  they  are  hatched. 
Ovum  (  Lat.  au  egg).    The  germ  produced  within  "the  ovary,  and  capable  under 

certain  conditions  of  being  developed  into  a  new  individual. 

Pachtdermata  (Gr.  pachus,  thick  ;  derma,  skin).  An  old  Mammalian  order 
constituted  by  Cuvier  for  the  reception  of  the  Ehinoceros,  Hippopotamus, 
Elephant,  &c. 

Paleontology  (Gr.  palaios,  ancient ;  onta,  beings  ;  and  logos,  discourse).  The 

science  of  fossil  remains  or  of  extinct  organised  beings. 
PALiEOZOic  (Gr.  23alaios,  ancient ;  and  zoe,  life).    Applied  to  the  oldest  of  the 

great  geological  epochs. 
Palliobranchiata  (hat.  pallium.,  a  cloak;  and  Gr.  hragchia,  gill).    An  old 

name  for  the  Brachiopuda,  founded  upon  the  belief  that  the  system  of  tubes 

in  the  niantle  constituted  the  gills. 
Pallium  (Lat.  a  cloak).    The  mantle  of  the  Mollusca.    Pallial;  relating  to 

the  mantle.    Pallicd  line  or  impression  ;  the  line  left  iu  the  dead  sliell 

by  the  muscular  margin  of  the  mantle.     Pallial  shell ;  a  shell  which  i.> 

secreted  by,  or  contaiued  within,  the  mantle,  such  as  the  "bone"  of  the 

Cuttle-fishes. 

Palpi  (Lat.  palpo,  I  touch).  Processes  supposed  to  be  organs  of  touch,  de- 
veloped from  certain  of  the  oral  appendages  in  Insects,  Spiders,  and  Crus- 
tacea, and  from  the  sides  of  the  mouth  in  the  Acephalous  Molluscs. 

Panspermy  (Gr.  pan,  all ;  sperma,  seed).  The  theory  that  living  beings  are 
never  produced  except  from  pre-existent  living  beings. 

Papilla  (Lat.  for  nipple).    A  minute  soft  ]3rominence. 

Parapodia  (Gr.  para,  beside  ;  podes,  feet).  The  uuarticulated  lateral  locomo- 
tive processes  or  "  foot-tubercles"  of  many  of  the  Annelida. 

Parietal  (Lat.  paries,  a  wall).  Connected  with  the  walls  of  a  cavity  or  of  the 
body. 

Pariktosplanchnic  (Lat.  paries;  Gr.  splagchna,  viscera).  Applied  to  one 
of  the  nervous  ganglia  of  the  Mollusca,  which  supplies  the  walls  of  the  body 
and  the  viscera. 
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Parthenogenesis  (Lat.  parthenos,  a  virgin ;  and  gignomai,  to  be  born). 
Strictly  speaiciug,  confined  to  the  i^roduction  of  new  inilividuals  from  virgin 
females  by  means  of  ova  without  the  intervention  of  a  male.  Sometimes 
used  also  to  designate  asexual  reproduction  by  gemmation  or  fission. 

Patagium  (Lat.  the  border  of  a  dress).  Applied  to  the  expansion  of  the  in- 
tegument by  which  Bats,  Flying  Squirrels,  and  other  anhnals  support 
themseh'es  in  the  air. 

Patella.  Tlie  knee-cap  or  knee-pan.  A  sesamoid  bone  developed  in  the 
tendon  of  insertion  of  the  great  extensor  muscles  of  the  thigh. 

Pauropoda  (Gr.  pauros,  little  ;  Ixodes,  feet).    An  order  of  Myriapoda. 

Pectinate  (Lat.  2}ecten,  a  comb).  Comb-like ;  applied  to  the  gills  of  certain 
Gasteropods,  hence  called  Fedinibranchiata. 

Pectoral  (Lat.  pectus,  chest).    Connected  with,  or  placed  upon,  the  chest. 

Perennibranchiata  (Lat.  perennis,_  perpetual;  Gr.  hragckia,  gill).  Applied 
to  those  Amphibia  in  which  the  gills  are  permanently  retained  throughout 
life. 

Pedal  (Lat.  pes,  the  foot).    Connected  with  the  foot  of  the  Mollusca. 
Pedicellari-e  (Lat.  pedicellus,  a  louse).    Certain  singular  appendages  found 

in  many  Echinoderins,  attached  to  the  surface  of  the  body,  and  resembling 

a  little  beak  or  forceps  snpported  on  a  stalk. 
Pedicle  (Lat.  dim.  of  pes,  the  foot).    A  little  stem. 

Pedipalpi  (Lat.  j^es,  foot;  polpo,  I  feel).  An  order  of  Arachnida  com- 
prising the  Scorpions,  &c. 

Peduncle  (Lat.  2>edu/iculus,  a  stem  or  stalk).  In  a  restricted  sense  applied 
to  the  muscular  process  by  whicli  certain  BrachioiMds  are  attached,  and  to 
the  stem  which  bears  the  body  (capitulum)  in  Barnacles. 

Pedunculate.    Possessing  a  pediincle. 

Pelagic  (Gr.  2}elagos,  sea).    Inhabiting  the  open  ocean. 

Pelecypoda  (Gr.  pelekus,  an  axe  ;  podes,  feet).  A  name  often  applied  to  the 
Lcmellibranchiuia,  on  accoimt  of  many  of  them  having  a  hatchet-shaped 
or  sickle-shaped  foot. 

Pelvis  (Lat.  for  basin).  Applied,  from  analogy,  to  the  basal  portion  of  the 
cup  (ccclgx)  of  Crinoids.  The  bony  arch  with  which  the  hind-limbs  are  con- 
nected in  Vertebrates. 

Pergamentaceous  [Ij^t. pergainena,  parchment).  Of  the  texture  of  parchment. 

Pericardium  (Gr.  peri,  around;  kardia,  heart).  The  serous  membrane  in 
which  the  heart  is  contained. 

Periderm  (Gr.  ^jeri,  around ;  and  derma,  skin).  The  hard  cuticular  layer 
which  is  developecl  by  the  coenosarc  of  certain  of  the  Hydrozoa. 

Perig.'VSTRic  (Gr.  ^eri,  around;  and  gaster,  stomach).  The  perigastric  space 
is  the  cavity  which  surrounds  the  stomach  and  other  viscera,  corresiDOudiug 
to  the  abdominal  cavity  of  the  higher  animals. 

Periostracum  (Gr.  peri ;  and  ostrakon,  shell).  The  layer  of  epidermis  which 
covers  the  shell  in  most  of  the  Mollusca. 

Periplast  (Gr.  peri;  and  plasso,  I  mould).  The  intercellular  substance  or 
matrix  in  which  the  organised  structures  of  a  tissiie  are  embedded. 

Perisarc  (Gr.  peri,  aronnd ;  sarx,  flesh).  Employed  by  Prof.  Allman  as  a 
general  term  for  the  chitinous  envelope  secreted  by  many  of  the  Hydrozoa. 

Perisome  (Gr.  jjeH  ;  and  soma,  body).  The  coriaceous  or  calcareous  integu- 
ment of  the  Echinodermata. 

Perissodactyla  (Gr.  perissos,  uneven  ;  daktnlos,  finger).  Applied  to  those 
Hoofed  Quadrupeds  {Ungalata)  in  which  the  feet  have  an  uneven  number 
of  toes. 

Peristome  (Gr.  peri;  and  stoma,  mouth).  The  space  which  intervenes  be- 
tween the  mouth  and  the  margin  of  the  calyx  in  Vorticella  ;  also  the  space 
between  the  mouth  and  the  tentacles  in  a  sea-anemone  [Actinia) ;  also  the 
lip  or  margin  of  the  mouth  of  a  univalve  shell. 

Perivisceral  (Gv.peri;  and  Lat.  viscera,  the  internal  organs).  Applied  to 
the  space  .surrounding  the  viscera. 

Petaloid.    Shaped  like  the  petals  of  a  fiower. 

Phalanges  (Gr.  phalanx,  a  row).  Thc'  small  bones  composing  the  digits  of  the 
higher  Vcrtehrata.    Normally  each  digit  has  three  phalanges. 
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PHAnTNGonuANCHii  (CJr.  phcmujx,  pharynx ;  hragcUa,  gill).    The  order  of 

Fishes  comprising  only  the  Lancelet. 
Pharynx.    The  dilated'connnoncement  of  the  gullet. 

PhhagmaconI'',  (Gr.  plmujma,  a  jiartition  ;  and  Iconos,  a  cone).   The  chambered 

portion  of  the  internal  sliell  of  a  Jidcmnile. 
PHYLACTOK.TiMATA  (Gr.  phulasHo,  I  guard  ;  and  laimos,  throat).   The  division 

of  Polyzoa  in  which  the  mouth  is  provided  with  the  arched  valvular  process 

known  as  the  "epistome." 
Phyllocysts  (Gr.  phullon,  leaf;  and  kustis,  a  cyst).    The  cavities  in  the  in- 
terior of  the  "  hydro])hyliia  "  of  certain  of  the  Oceanic  Ilydrozoa. 
Phyllopod.v  (Gr.  phullon,  leaf ;  and  pous,  foot).    An  order  of  Crustacea. 
Phtogemmahia  (Gr.  -phuo,  I  produce  ;  and  Lat.  gemma,  bud).    The  small 

gonoblastidia  of  Velella,  one  of  the  Physophoridce. 
Physograd.v  (Gr.  phusa,  bellows  or  air-bladder  ;  and  Lat.  gmdior,  I  walk). 

Applied  formerly  to  the  Physophoridce,  an  order  of  Oceanic  Ilydrozoa,  in 

which  a  "  float"  is  present. 
PflYSOPHORiDiB  (Gr.  phusa,  air-bladder ;  and  phero,  I  carry).    An  order  of 

Oceanic  Ilydrozoa. 
Phytoid  (Gr.  phuton,  a  plant ;  and  eidos,  form).  Plant-like. 
PHYTOPHAGO0.S  (Gr.  phuton,  a  plant;  mCL  phago,  I  eat).    Plant- eating,  or 

herbivorous. 

Pinnate  (Lat.  pinna,  a  feather).  Feather  -  shaped,  or  possessing  lateral 
processes. 

PiNNiGRADA  ( Lat.  ^JiJMift,  a  feather  ;  gradior,  I  walk).  The  group  of  Carni- 
i)ora,  comprising  the  Seals  and  Walruses,  adapted  for  an  aquatic  life.  Often 
called  Pinnipedia.. 

PiNNULiB  (Lat.  dim.     pinna).    The  lateral  processes  of  the  arms  of  Crinoids. 

Pisces  (Lat.  piscis,  a  fish).    The  class  of  Vertebrates  comprising  the  Fishes. 

Placenta  (Lat.  a  cake).  The  "  after-birth,"  or  the  organ  by  which  a  vascu- 
lar connection  is  established  in  the  higher  Mammalia  between  the  mother 
and  the  foetus. 

Placental.    Possessing  a  placenta,  or  connected  with  the  placenta. 
Placoid  (Gr.  plax,  a  plate  ;  eidos,  foi-m).    Applied  to  the  irregular  bony 

plates,  grains,  or  spines  which  are  found  in  the  skin  of  various  fishes 

( Elasmobranchii) . 

Plagiostomi  (Gr.  plagios,  transverse  ;  stoma,  mouth).  The  Sharks  and  Rays, 
in  which  the  mouth  is  transverse,  and  is  placed  on  the  under  surface  of  the 
head. 

Planarida  (Gr.  plane,  wandering).    A  sub-order  of  the  Turhellnria. 
Plantigrade  (Lat.  planta,  the  sole  of  the  foot ;  gradior,  I  walk).  Applying 

the  sole  of  the  foot  to  the  ground  in  walking. 
Planula  (Lat.  planus,  flat).    The  oval  ciliated  embryo  of  certain  of  the 

Invertebrates. 

Plastron.    The  lower  or  ventral  portion  of  the  bony  case  of  the  Chelonians. 
Platyelmia  (Gr.  platus,  broad  ;  and  helmins,  an  intestinal  worm).  The 

division  of  Scolecida  comprising  the  Tape-worms,  &c. 
Platyrhlna  (Gr.  plains,  broad  ;  rhines,  nostrils).    The  group  of  the  Quad- 

T2t77l(X7ZCt 

Pleura  (Gr.  the  side).    The  serous  membrane  covering  the  lung  in  the  air- 

Pleuron  (Gr.  pleuron,  a  rib).  The  lateral  extensions  of  the  shell  of  Crustacea. 
Pluteus  (Lat.  a  pent-house).    The  larval  form  of  the  Echinoidea. 
Pneumatic  (Gr.  pneuma,  air).    Filled  with  air.  a    t.  t 

PneujijVTOCYST  (Gr.  p)neuma,  air ;  and  kustis,  cyst).    The  air-sac  or  float  ot 

c&r\.dAn  oii\iQ  OciiamQ,  Hydrozoa  [Physophorid(K). 
Pneumatophore  (Gr.  pneuma,  air  ;  and  phero,  I  carry).    The  proximal 

dilatation  of  the  ccenosarc  in  the  Physophorida;  which  surrounds  the  pneu- 

matocyst.  ,  .  , 

Pneumosiceleton  (Gr.  pneuma;  and  skeleios,  dry).    The  hard  structures  whicn 

are  connected  with  the  breathing  organs  (e.g.,  the  shell  of  Molluscs). 
Podophthalmata  (Gr.  p)ous,  foot ;  and  ophthalmos,  eye).    The  division  01 

Crustacea  in  which  the  eyes  are  borne  at  the  end  of  long  foot-stalks. 
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PoDOSOMATA  (Gr.  pous,  foot ;  soma,  body).  An  order  of  Arachnida. 
PoEPHAGA  (Gr.  poe,  grass,  p^iago,  I  eat).  A  group  of  the  Marsupials. 
PoLLEX  (Lat.  the  thumb).    The  innermost  of  the  live  normal  digits  of  the 

anterior  limb  of  the  higher  Vertebrates.    In  man,  the  thumb. 
PoiA'CH.ETA  (Gr.  jJoliis,  many ;  chaiie,  bristle).    A  name  often  apjilied  to  the 

Tubicolar  and  Errant  Aunelides  to  distinguish  them  collectively  from  the 

Oligochceta  (Earthworms,  &c.). 
POLYCTSTiNA  (Gr.  polus,  many ;  and  kustis,  a  cyst).    An  order  of  Protoza, 

■with  foraminated  siliceous  shells. 
POLYGASTRICA  (Gr.  polus ;  and  gaster,  stomach).     The  name  applied  by 

Ehrenberg  to  the  Jn/usoria,  under  the  belief  that  they  possessed  many 

stomachs. 

PoLYPABY.    The  hard  chitinous  coA'ering  secreted  by  many  of  the  Hi/drozoa. 

Polype  (Gr.  polus,  many  ;  pous,  foot).  Kestricted  to  the  single  individual  of 
a  simple  A  ctinozoun,  such  as  a  Sea-anemone,  or  to  the  separate  zociids  of  a 
compound  ActinozoUn.  Often  applied  indiscriminately  to  any  of  the  Ccelen- 
terata,  or  even  to  the  Polyzoa. 

POLYPIDE.    Tlie  separate  zooid  of  a  Polyzoon. 

PoLTPiDOM.    The  dermal  system  of  a  colony  of  a  Hydrozoon  or  Polyzoon. 
PoLYPiTE.    The  separate  zodid  of  a  Hydrozoon. 

PoLYSTOME  (Gr.  x^olus,  many  ;  and  stoma,  mouth).  Having  many  mouths  ; 
applied  to  tlie  Acinetce  amongst  the  Protozoa. 

POLYTHALAMOUS  (Gr.  polus ;  and  thalamos,  chamber).  Having  many  cham- 
bers ;  applied  to  the  shells  of  Foramiriifera,  and  Cephalopoda. 

PoLYTROCHAL  (Gr.  polus,  many  ;  trochos,  wheel).  An  epithet  applied  to  those 
larvoe  of  Aunelides  and  other  Invertebrates,  in  which  there  are  successively- 
disposed  circlets  of  cilia. 

Polyzoa  (Gr.  polus;  and  zoon,  animal).  A  division  of  the  Molluscoida,  com- 
prising compoiind  animals,  such  as  the  Sea-mat.  Sometimes  called  Bryozoa. 

POLYZOARIUM.  The  dermal  system  of  the  colony  of  a  Polyzoon  (=  Polypi- 
dom). 

PORCELLANOUS.    Of  the  texture  of  porcelain. 

PORIFERA  (Lat.  p)orus,  a  pore  ;  and  fero,  I  carry).  Sometimes  used  to  desig- 
nate the  Foraminifera,  or  the  Sponges. 

Post-abdomen.  That  portion  of  the  "abdomen"  of  Crustacea,  Arachnida, 
and  Myriapoda  which  lies  behind  the  segments  corresponding  with  the 
abdomen  of  Insects. 

Post-anal.    Situated  behind  the  anus. 

Post-cesophageal.    Situated  behind  the  gullet. 

Post-oral.    Situated  behind  the  mouth. 

Pr^-maxill^.    (^Ve  Intermaxillff. ) 

Premolars  (Lat.  prm,  before ;  molares,  the  grinders).    The  molar  teeth  of 
Mammals  which  succeed  the  molars  of  the  milk-set  of  teeth.    In  man,  the 
■  bicuspid  teeth. 

Pr^-(esophageal.    Situated  in  front  of  the  gullet. 

PRiE-STERNDM.  The  anterior  portion  of  the  breast-bone,  corresponding  with 
the  manubrium  sterni  of  human  anatomy,  and  extending  as  far  as  the  point 
of  articulation  of  the  second  rib. 

Pressirostres  (Lat.  pressus,  compressed;  rostrum,  beak).  A  group  of  the 
Grallatorial  Birds. 

Proboscidea  (Lat.  proboscis,  the  snout).  The  order  of  Mammals  comprising 
the  Elephants. 

Proboscis  (Lat.  or  Gr.  the  snout).  Applied  to  the  spiral  trunlc  of  Lepidop- 
terous  Insects,  to  the  projecting  mouth  of  certain  Crinoids,  and  to  the  cen- 
tral polypite  in  the  Medusce. 

Proc(elous  (Gr.  ^^ro,  before  ;  koilos,  hollow).  Applied  to  vertebrse,  the  bodies 
of  which  are  hollow  or  concave  in  front. 

Proglottis  (Gr.  for  the  tip  of  the  tongue).  The  generative  segment  or  joint 
of  a  Tape-worm. 

Pro-legs.    The  false  abdominal  feet  of  Caterpillars. 

Pronation  (Lat.  promts,  lying  on  the  face,  prone).  The  act  of  turning  the 
palm  of  the  hand  downwards. 
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Propodium  (Gr.  jr/vi,  before;  imis,  foot).  Tlie  anterior  part  of 'the  foot  in 
MoUuscH. 

Proscolux  (Gr.  pro,  before ;  scolex,  worm).  The  first  eniijryonic  stage  of  a 
Tiipe-woriii. 

PuosoBliANOHiATA  (Gv.  proson,  in  advance  of;  hrcujchia,  a  gill).  A  <livi.sioii 
of  GastcropodoiLs  Molluscs  in  which  the  gills  are'situated  in  advance  of  the 
heart. 

PnosoMA  (Gr.  pro,  before  ;  noma,  body).    The  anterior  part  of  the  body. 
PuoTHOiiAX  (Gr.  pro;  and  thorax,  chest).    The  anterior  ring  of  the  thorax  of 
insects. 

PuoTOPHYTA  (Gr.  prolos,  first ;  and  phuton,  plant).  The  lowest  division  of 
plants. 

PuoTOPLASM  (Gr.  prolos;  and  jjtosso,  I  mould).  The  elementary  basis  of  or- 
ganised tissues.    Used  synonymously  with  the  "  sarcode"  of  the  Protozoa. 

PiiOTOPOOiTE  (Gr.  proios,  first ;  and  potos,  foot).  The  basal  segment  of  the 
typical  limb  of  a  Crustacean. 

Protozoa  (Gr.  protos;  and  zoon,  animal).  The  lowest  division  of  the  anunal 
kingdom. 

Proventrioulus  (Lat.  jwo,  in  front  of;  ventriculus,  dim.  of  venter,  belly). 

The  cardiac  portion  of  the  stomach  of  birds. 
Proximal  (Lat.  proxi'imis,  next).    The  slowly -growing,  comparatively-fixed 

extremity  of  a  limb  or  of  an  organism. 
Psalteridm  (Lat.  a  stringed  instrument).    The  third  stomach  of  Ruminants. 

{See  Omasum.) 

PsEUDEMBRYO  (Gr.  pseudos,  falsity ;  emhruon,  embryo).  The  larval  form  of 
an  Echinoderm. 

Pseudobranchia  (Gr.  pseudos,  falsity ;  Iragchia,  gill).  A  supplementary 
gill  found  in  certain  fishes,  which  receives  arterialised  blood  oidy,  and  does 
not,  therefore,  assist  in  respiration. 

PsEUDOHiEMAL  (Gr.  pseiidos,  falsity  ;  and  liaima,  blood).  Applied  to  the  vas- 
cular system  of  Annelida. 

PSEUDO  -  HEARTS.  Certain  contractile  cavities  connected  with  the  atrial 
system  of  Brachiop)oda,  and  long  considered  to  be  hearts. 

PsEUDO-NAViCELL^  (Gr.  pseudos,  false ;  and  Navicida,  a  genus  of  Diatoms). 
The  embryonic  forms  of  the  Gregarinidon,  so  called  from  their  resemblance 
in  shape  to  the  Navicida. 

PsEUDOPODiA  (Gr.  2>seiidos  ;  and  pons,  foot).  The  extensions  of  the  body- 
substance  which  are  put  forth  by  the  Rhizopoda  at  will,  and  which  serve 
for  locomotion  and  prehension. 

PsEUDOVA  (Gr.  pseudos;  Lat.  ovum,  egg).  The  egg-like  bodies  from  which 
the  young  of  the  viviparous  Aphis  are  produced. 

Pteuopoda  (Gr.  iiteron,  wing  ;  and  ^joms,  foot).  A  class  of  the  Mollusca  which 
swim  by  means  of  fins  attached  near  the  head. 

Pterosauhia  (Gr.  pteron,  wing  ;  saura,  lizard).    An  extinct  order  of  reptiles. 

Pubis  (Lat.  pubes,  hair).  The  share-bone  ;  one  of  ^;he  bones  which  enter  into 
the  composition  of  the  pelvic  arch  of  Vertebrates. 

PuLMOGASTEROPODA  ( =  Pulmouifera). 

Pdlmonaria.  a  division  of  Arachnida  yihich.  breathe  by  means  of  pidmonary 
sacs. 

PuLMONATE.  Posscssing  lungs. 

PuLMONiFERA  {L&i.  pulvio,  alung;  and/ero,  I  carry).  The  division  oi  Mol- 
lusca which  breathe  by  means  of  a  pulmonary  chamber. 

Pupa  (Lat.  a  doll).  The  stage  of  an  insect  immediately  preceding  its  appear- 
ance in  a  perfect  condition.  In  the  pupa-stage  it  is  usually  quiescent— when 
it  is  often  called  a  "  chrysalis  ;  "  but  it  is  sometimes  active— when  it  is  often 
called  a  "  nymph."  , 

Pylorus  (Gr.  pitdoros,  a  gatekeeper).  The  valvular  aperture  between  tue 
stomach  and  the  intestine. 

Pyriform  (Lat.  jjyrtw,  a  pear  ;  and  forma,  form).  Pear-shaped. 

Quadrumana  (Lat.  quatuor,  four ;  mamis,  hand).  The  order  of  Mammals 
comprising  the  Apes,  Monkeys,  Baboons,  Lemurs,  &c. 
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Radiata  (Lat.  radius,  a  ray).  Formerly  applied  to  a  large  number  of  animals 
which  are  now  placed  in  separate  sub-kingdoms  {e.g.,  the  Ccalcnterata,  the 
Echinodermata,  the  Infusoria,  &c.). 

Radioi^vhia  (Lat.  radius,  a  ray).    A  division  of  Protozoa. 

Radius  (Lat.  a  spoke  or  ray).  The  innermost  of  the  two  bones  of  the  fore- 
arm of  the  higlier  Vertebrates.  It  carries  the  thumb,  when  present,  and 
corresponds  whh  the  tibia  of  the  hind-limb. 

Radula  (Lat.  radula,  a  scraping-iron).  An  epithet  often  given  to  the  toothed 
lingual  ribbon  or  "  odontophore  "  of  the  higher  Mollusca. 

Ramus  (Lat.  a  branch).  Applied  to  each  half  or  branch  of  the  lower  jaw  or 
mandible  of  Vertebrates. 

Raptoues  (Lat.  o-apto,  I  plunder).    The  onler  of  the  Birds  of  Prey. 

Rasores  (Lat.  rado,  I  scratch).  The  order  of  the  Scratching  Birds  (Fowls, 
Pigeons,  &c.). 

RATIT.E  (Lat.  rates,  a  raft).  Applied  by  Huxley  to  the  Cursorial  Birds, 
which  do  not  fly,  and  have  therefore  a  raft- like  sternum  without  any  median 
keel. 

Rectum  (Lat.  rectus,  straight).  The  terminal  portion  of  the  intestinal  canal, 
opening  at  the  surface  of  the  body  at  the  anus. 

Reptilia  (Lat.  re^^o,  I  crawl).  The  class  of  the  Vertebrata  comprising  the 
Tortoises,  Snakes,  Lizards,  Crocodiles,  &c. 

Reticulosa  (Lat.  reticulum,  a  net).  Employed  by  Dr  Carpenter  to  designate 
those  Protozoa,  such  as  the  Foraminifera,  in  which  the  psendopodia  run 
into  one  another  and  form  a  network. 

Reticulum  (Lat.  a  net).  The  second .  division  of  the  complex  stomach  of 
Ruminants,  often  called  the  "  honeycomb-bag." 

Reversed.  Applied  to  spiral  univalves,  in  which  the  direction  of  the  spiral 
is  the  reverse  of  the  normal — i.  e. ,  sinistral. 

Rhabdophora  (Gr.  rhabdos,  a  rod  ;  and  phero,  I  caiTy).  Employed  by  Prof. 
Allman  as  a  name  for  the  Graptolites,  in  consequence  of  their  commonly 
possessing  a  chitinous  rod  or  axis  supporting  the  perisarc. 

Rhizophaga  (Gr.  rhiza,  root ;  phago,  I  eat).    A  group  of  the  Marsupials. 

Rhizopoda  (Gr.  rhiza,  a  root ;  and  pous,  foot).  The  division  oi  Protozoa  com- 
prising all  those  which  are  capable  of  emitting  pseudopodia. 

Rhopalocera  (Gr.  rhopalon,  club;  keras,  horn).  A  name  given  to  the  But- 
terflies among  the  Lepidoptera  in  allusion  to  the  fact  that  the  antennee  are 
clubbed  at  the  end. 

Rhyncholites  (Gr.  rhunchos,  beak  ;  and  lithos,  stone).    Beak-shaped  fossils, 

consisting  of  the  mandibles  of  Cejjhalopoda. 
Rodentia  (Lat.  rodo,  I  gnaw).    An  order  of  the  Mammals  ;  often  called  Glires 

(Lat.  glis,  a  dormouse). 
Rostrum  (Lat.  rostrum,  beak).    The  "beak"  or  suctorial  organ  formed  by 

the  appendages  of  the  mouth  in  certain  insects. 
Rotatoria  (  =  Rotifera). 

ROTIFERA  (Lat.  rota,  wheel ;  and  fero,  I  carry).     A  class  of  the  Scolecida 

(Annuloida)  characterised  by  a  ciliated  "trodial  disc." 
RUGOSA  (Lat.  rugosus,  wrinkled).    An  order  of  Corals. 

Rumen  (Lat.  the  throat).  The  first  cavity  of  the  complex  stomach  of  Riimi- 
nants  ;  often  called  the  "  paunch." 

RuMiNANTiA  (Lat.  ruminor,  I  chew  the  cud).  The  group  of  Hoofed  Quadru- 
peds [Ungulata)  which  "  ruminate  "  or  chew  the  cud. 

Sacrum.  The  vertebrte  (usually  anchylosed)  which  unite  with  the  haunch- 
bones  (ilia)  to  form  the  pelvis. 

Sand-canal  (= Stone-canal).  The  tube  by  which  water  is  conveyed  from 
the  exterior  to  the  ambulacral  system  of  the  Echinodermata. 

Sarcode  (Gr.  sarx,  flesh ;  eidos,  form).  The  jelly-like  substance  of  which 
the  bodies  of  the  Protozoa  are  composed.  It  is  an  albuminous  body  con- 
taining oil-granules,  and  is  identical  with  protoplasm. 

Sarcoids  (Gr.  sarx;  and  eidos,  form).  The  separate  amoebiform  particles 
which  in  the  aggregate  make  up  the  "  flesh  "  of  a  Sponge. 

Sauria  (Gr,  saura,  a  lizard).    Any  lizard-like  Reptile  is  often  spoken  of  as  a 
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"Saurian  ;  "  but  the  term  is  sometimes  restricted  to  the  Crocodiles  alone, 

or  to  tlie  Crocodiles  and  Lacertilians.  ' 
Sauuobathachia  (Gr.  saura  ;  batrachos,  frog).     Sometimes  applied  to  tlie 

order  of  tlie  tailed  Amphibians  ( Urodela). 
Sauuopsida  (Gr.  saura  ;  and  ofsk,  appearance).    The  name  given  by  Huxley 

to  the  two  classes  of  tlie  IJirds  and  Reptiles  collectively. 
Sauuoptkrygia  (Gr.  saura  ;  ptcrax,  wing).    An  extinct  order  of  Reptiles. 

called  Ijy  Huxley  Plesiosauria,  from  the  typical  genus  Plesiosauriiis. 
Sauuuu.'E  (Gr.  saura;  oura,  tail).    The  extinct  order  of  Birds  comprising 

only  the  Arclueopte.fyx. 
SCANSOHES  (Lat.  scando,  I  climb).    The  order  of  the  Climbing  Birds  (Parrots, 

Woodpeckers,  &c.). 

ScAPHOGNATHiTE  (Gr.  skaphos,  boat ;  and  gnathos,  jaw).    The  boat-shaped 

appendage  (epipodite)  of  the  second  pair  of  maxillae  in  the  Lobster,  the 

function  of  which  is  to  spoon  out  the  water  from  the  branchial  chamber. 
Scapula  (Lat.  for  shoulder-blade).    The  shoulder-blade  of  the  pectoral  arch  of 

Vertebrates  ;  in  a  restricted  sense,  the  row  of  plates  in  the  cup  of  Crimids, 

which  give  oi'igin  to  the  arms,  and  are  usually  called  the  "axillary  radials." 
ScLERENCHYMA  (Gr.  sMeros,  hard ;  and  enchuma,  tissue).    The  calcareous 

tissue  of  which  a  coral  is  composed. 
ScLERiTEs  (Gr.  skleros).    The  calcareous  spicules  which  are  scattered  in  the 

soft  tissues  of  certain  Actinozoa. 
ScLEROBASic  (Gr.  skleros,  hard  ;  basis,  pedestal).    Applied  to  the  coral  which 

is  produced  by  the  coenosarc  in  certain  Actinozoa  (e.g.,  Red  Coral),  and 

which  forms  a  solid  axis  which  is  invested  by  the  soft  parts  of  the  animal. 

It  is  called  "  foot-secretion  "  by  Mr  Dana. 
Sclerodermic  (Gr.  skleros  ;  and  derma,  skin).    Applied  to  the  corallum  which 

is  deposited  between  the  tissues  of  certain  Actinozoa,  and  is  called  "  tissue- 

secretiou  "  by  Mr  Dana. 
Sclerotic  (Gr.  skleros,  hard).    The  outer  dense  fibrous  coat  of  the  eye. 
ScoLEClDA  (Gr.  skolex,  worm).    A  division  of  the  Annidoida. 
ScOLEX  (Gr.  skolex).    The  embryonic  stage  of  a  Tape-worm,  formerly  known 

as  a  "  Cystic  worm." 
Scuta  (Lat.  scutum,  a  shield).    Applied  to  any  shield-like  plates ;  especially 

to  those  which  are  developed  in  the  integument  of  many  Reptiles. 
Selachia  or  Selachii  (Gr.  selachos,  a  cartilaginous  llsh,  probably  a  shark). 

The  sub-order  of  Elasmobranchii,  comprising  the  Sharks  and  Dog-fishes. 
Sepiostaire.    The  internal  shell  of  the  Sepia,  commonly  known  as  the 

"  cuttle-bone." 
Septa.  Partitions. 

Serpentiform.    Resembling  a  serpent  in  shape. 
Sertularida  (Lat.  sertum,  a  wreath).    An  order  of  Hydrozna. 
Sessile  (Lat.  sedo,  I  sit).    Not  supported  upon  a  stalk  or  peduncle  ;  attached 
by  a  base. 

Set^  (Lat.  bristles).    Bristles,  or  long  stiff  hairs. 
Setiferous.    Supporting  bristles. 
Setigerous  (=Setiferous). 
Setose.  Bristly. 

Siliceous  (Lat.  silex,  flint).   Composed  of  flint. 

Sinistral  (Lat.  sinistra,  the  left  hand).  Left-handed  ;  applied  to  ^the  direc- 
tion of  the  spiral  in  certain  shells,  which  are  said  to  be  "reversed." 

Sinus  (Lat.  simis,  a  bay).    A  dilated  vein  or  blood-receptacle. 

Siphon  (Gr.  siphon,  a  "tube).  Applied  to  the  respiratory  tubes  m  the  Mol- 
lusca  ;  also  to  other  tubes  of  different  functions. 

SiPHONOPHORA  (Gr.  siphon;  and phero,  I  carry).  A  division  of  the  Hydrozoa, 
comprising  the  Oceanic  forms  [Calycophoridw  and  Physophoridai). 

Siphonostomata  (Gr.  siphon  ;  and  stoma,  mouth).  The  division  of  Gasteropo- 
duus  Molluscs,  in  which  the  aperture  of  the  shell  is  not  "entire,  but 
possesses  a  notch  or  tube  for  the  emission  of  the  respiratory  siphon. 

Siphuncle  (Lat.  siphunculus,  a  little  tube).  The  tube  which  connects  together 
the  various  chambers  of  the  shell  of  certain  Cephalopoda  {e.g.,  the  1  early 
Nautilus). 
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SiPUXCULOiDEA  (  Lat.  siphunculus,  a  little  siphon).  A  class  of  Anarthropoda 
{Annulosa).  -  •  j.i 

SiRKNiA  (Gr.  seiren,  a  mermaid).  The  order  of  Mammalia  comprising  tlie 
Dugongs  aud  Manatees. 

SoLiDUNGULA  (Lat.  soUdus,  solid;  ungula,  a  hoof).  The  group  of  Hooted 
Quadrupeds  comprising  the  Horse,  Ass,  aud  Zebra,  in  which  each  foot,  111 
the  living  forms,  has  only  a  single  solid  hoof.    Often  called  SoUpedia-. 

Somatic  (Gr.  soma,  body).    Connected  with  the  body. 

SOMATOCYST  (Gr.  sovui ;  and  kustis,  a  cyst).  A  peculiar  cavity  in  the  coenosarc 
of  the  Calycophoridai  (Hydrozoa). 

Somite  {Gw' soma).    A  single  segment  in  the  body  of  an  Articulate  animal. 

Spermarium.    The  organ  in  which  spermatozoa  are  produced. 

Spermatophores  (Gr.  sperma,  seed  ;  2)fiero,  I  carry).  The  cylindrical  capsules 
of  the  Cephalopoda,  which  carry  the  spermatozoa  ;  sometimes  called  the 
"  moving  filaments  of  Needham." 

Spermatozoa  (Gr.  spenna,  seed ;  and  zoon,  animal).  The  microscopic  fila- 
ments which  form  the  essential  generative  element  of  the  male. 

SPH.ERIDIA  (Gr.  sphairidion,  a  little  ball  or  sphere).  Minute  stalked  appen- 
dages with  button-shaped  heads  carried  by  most  living  Sea-urchins,  and 
supposed  to  be  organs  of  sense. 

SPicuLiV  (Lat.  spiculum,  a  point).    Pointed  needle-shaped  bodies. 

Spinnerets.    The  organs  by  means  of  which  Spiders  and  Caterpillars  spin 

.  threads. 

Spiracles  (Lat.  spiro,  I  breathe).  The  breathing-pores,  or  apertures  of  the 
breathing-tubes  (trachefe)  of  Insects.  Also  the  single  nostril  of  the  Hag- 
fishes,  the  "  blow-hole  "  of  Cetaceans,  &c. 

Splanchnoskeleton  (Gr.  splagchna,  viscera  ;  skeletos,  dry).  The  hard  struc- 
tures occasionally  developed  in  connection  with  the  internal  organs  or 
viscera. 

Sponge-particles.    {See  Sarcoids.) 

Spongida  (Gr.  spoggos,  a  sponge).  The  division  of  Protozoa  commonly  known 
as  sj)onges. 

Spores  (Gr.  spora,  seed).    Germs,  usually  of  plants  ;  in  a  restricted  sense, 

the  reproductive  "gemmules"  of  certain  sponges. 
Sporosacs  (Gr.  spora,  seed ;  and  sakkos,  a  bag).    The  simple  generative  buds 

of  certain  Hydrozoa,  in  which  the  medusoid  structure  is  not  developed. 
Squa JLVTA  ( Lat.  squavia,  a  scale).    The  division  of  reptiles  comprising  the 

Ophidia  aud  Lacertilia  in  which  the  integument  develops  horny  scales,  but 

there  are  no  dermal  ossifications. 
Statoblasts  (Gr.  statos,  stationary  ;  hlastos,  bud).    Certain  reproductive  buds 

developed  in  the  interior  of  Folyzoa,  but  not  liberated  until  the  death  of  the 

parent  organism. 

Steganophthalmata  (Gr.  steganos,  covered  ;  and  opJithalmos,  the  eye).  Ap- 
plied by  Edward  Forbes  to  certain  Aledusa,  in  which  the  sense-organs 
("  marginal  bodies  ")  are  protected  by  a  sort  of  hood.  The  Steganophthal- 
mata. are  now  separated  from  the  true  Medusidte,  and  placed  in  a  separate 
division  under  the  name  Luceriiarida. 

Stellerida  (Lat.  stella,  star).  Sometimes  employed  to  designate  the  order  of 
the  Star-fishes. 

Stelliform.  Star-shaped. 

Stemmata  (Gr.  stemma,  garland).    The  simple  eyes,  or  "ocelli,"  of  certain 

animals,  such  as  Insects,  Spiders,  and  Crustacea. 
Sternum  (Gr.  sternon).    The  breast-bone. 
Stigmata.    The  breathing-pores  in  Insects  and  Arachnida. 
Stolon  (Gr.  stolos,  a  sending  forth).    Offshoots. — The  connecting  processes  of 

sarcode  in  Foraminifera  ;  the  connecting  tube  in  the  social  Ascidians  j  the 

processes  sent  out  by  the  coenosarc  of  certain  A  ctinozoa. 
Stomapoda  (Gr.  stoma,  mouth  ;  poas,  foot).    An  order  of  Crustacea. 
Stomatode  (Gr.  stoma).    Possessing  a  mouth.    The  Infusoria  are  thus  often 
■  called  the  Stomatode  Protozoa. 

Strepsiptera  (Gr.  strepho,  I  twist;  pteron,  Aving).  An  order  of  Insects  in 
which  the  anterior  wings  are  represented  by  twisted  rudiments. 
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Strepsirhina  (Gr.  strepho,  I  twist  ;  rhines,  nostrils).    A  group  of  the  Quad- 

riimaiia,  often  spoken  of  as  Prosimice. 
Strobila  (Gr.  strobilos,  a  top,  or  fir-cone).    The  adult  Tape-Avorni,  with  its 

generative  segments  or  proglottides  ;  also  applied  to  one  of  tlie  stages  in  the 

life-history  of  the  Lucernarida. 
STYLfPORM  (Lat.  stylus,  a  pointed  instrument;  forma,  form).    Pointed  in 

shape. 

Sub-calcareous.    Somewhat  calcareous. 

SuB-CENTUAL.    Nearly  central,  hut  not  quite. 

SuB-PEDUNCDLATE.    Supported  upon  a  very  short  stem. 

SUB-SESSiLE.    Nearly  sessile,  or  almost  without  a  stalk. 

Supination  (Lat.  supinus,  lying  with  the  face  upwards).  The  act  of  turning 
the  hand  with  the  palm  uj^wards. 

Suture  (Lat.  suo,  I  sew).  The  line  of  junction  of  two  parts  which  are  im- 
movably connected  together.  Applied  to  the  line  where  the  whorls  of  a 
univalve  shell  join  one  another;  also  to  the  lines  made  upon  the  exterior  of 
the  shell  of  a  chambered  Cephalopod  by  the  margins  of  the  septa. 

SwiMMERETS.    The  limbs  of  Crustacea,  which  are  adapted  for  swimming. 

Symphysis  (Gr.  sumphusis,  a  growing  together).  Union  of  two  bones  in  which 
there  is  no  motion,  or  but  a  very  limited  amount. 

Synapticul^e  (Gr.  sunapto,  I  fasten  together).  Transverse  jjrops  sometimes 
found  in  Corals,  extending  across  the  loculi  like  the  bars  of  a  grate. 

Systol^  (Gr.  sustello,  I  contract).  Applied  to  the  contraction  of  any  contrac- 
tile cavity,  especially  the  heart. 

TABULiE  (Lat.  tabula,  a  tablet).  Horizontal  plates  or  floors  found  in  some 
Corals,  extending  across  the  cavity  of  the  "  theca,"  from  side  to  side. 

Tactile  (Lat.  tan(jo,  I  touch).    Connected  with  the  sense  of  touch. 

T^NIADA  (Gr.  tamia,  a  ribbon).  The  division  of  Scolecida  comprising  the 
Tape-worms. 

T^NioiD  (Gr.  tainia  ;  and  eidos,  form).    Eibbon-shaped,  like  a  Tape-woi-m. 
Tarso-metatarsus.    The  single  bone  in  the  leg  of  Birds  produced  by  the 

imion  and  anchylosis  of  the  lower  and  distal  portion  of  the  tarsus  with  the 

whole  of  the  metatarsus. 
Tarsus  (Gr.  iarsos,  the  flat  of  the  foot).    The  small  bones  which  form  the 

ankle  (or  "  instep  "  of  man),  and  which  correspond  with  the  wrist  {carpus) 

of  the  anterior  limb. 
Tectibranchiata  (Lat.  tectus,  covered;  and  Gr.  hragchia,  gills).    A  division 

of  Opisthohranchiate  Gasteropoda  in  which  the  gills  are  protected  by  the 

mantle. 

Tegumentary  (Lat.  tegumenium,  a  covering).  Connected  with  the  integument 
or  skin. 

Teleostei  (Gr.  teleios,  perfect;  osteon,  bone).    The  order  of  the  "Bony 
Fishes. 

Telson  (Gr.  a  limit).  The  last  joint  in  the  abdomen  of  Crustacea;  vari- 
ously regarded  as  a  segment  without  appendages,  or  as  an  azygous  ap- 
pendage, f    1     -D  1, 

Tenuieostres  (Lat.  tenuis,  slender ;  rostrum,  beak).  A  gi'oup  of  the  Fercn- 
ing  Birds  characterised  by  their  slender  beaks. 

Tergum  (Lat.  for  back).    The  dorsal  arc  of  the  somite  of  an  Arthropod. 

Terricola  (Lat.  terra,  earth  ;  and  colo,  I  inhabit).  Employed  occasionally  to 
designate  the  Earth-worms  {Luriibricidiv). 

Test  (Lat.  testa,  shell).  The  shell  of  Mollusca,  which  are  for  this  reason 
sometimes  called  "Testacea;"  also,  the  calcareous  case  of  Echmodeiins; 
also,  the  thick  leathery  outer  tunic  in  the  Tunicota. 

Testaceous.    Provided  with  a  shell  or  hard  covering. 

Testis  (Lat.  testis,  the  testicle).  The  organ  in  the  male  animal  which  pro- 
duces the  generative  fluid  or  semen.  ^   ,  7 

Tetrabhanchiata  (Gr.  tetra,  four  ;  hragchia,  gill).  The  order  of  Cephalopoda 
characterised  by  the  possession  of  four  gills.  t  t>  4 

Thalassicollida  (Gr.  thalassa,  sea  ;  kolla.,  glue).    A  division  of  Protozoa. 

Theca  (Gr.  iheke,  a  sheath^.    A  sheath  or  receptacle. 
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Thecosomata  (Gr.  theke ;  and  soma,  liody).  A  division  of  Pteropodmis 
Molluscs,  in  which  the  body  is  protected  by  an  external  shell. 

Theriomorpha  (Gr.  ther,  beast ;  morphe,  shape).  Applied  by  Owen  to  the 
order  of  the  Tail-less  Amphibians  {Anoura}. 

Thorax  (Gr.  a  breastplate).    The  chest. 

Thread-cells.    (.S'ee  Cnidje.) 

Thysanura  (Gr.  thusanoi,  fringes ;  and  oiim,  tail).  An  order  of  Apterous 
Insects. 

Tibia  (Lat.  a  flute).  The  shin-bone,  being  the  innermost  of  the  two  bones  of 
the  leg,  and  corresponding  Avith  the  radius  in  the  anterior  extremity. 

TOTIPALMAT^  (Lat.  totits,  whole ;  palma,  the  palm  of  the  hand).  A  group 
of  Wading  Birds  in  which  the  hallux  is  united  to  the  other  toes  by  mem- 
brane, so  that  the  feet  are  completely  webbed. 

ToxoDONTiA  (Gr.  toxon,  bow  ;  oclous,  tooth).    A  distinct  order  of  Mammals. 

Tbachea  (Gr.  tracheia,  the  rough  windpipe).  The  tube  which  conveys  air  to 
the  lungs  in  the  air-breathing  Vertebrates. 

Tracheae.    The  breathing-tubes  of  Insects  and  other  Articulate  animals. 

Trachearia.   The  division  of  Arachnida  which  breathe  by  means  of  tracheje. 

Trematoda  (Gr.  treum,  a  pore).    An  order  of  Scolecida. 

Teichoctsts  (Gr.  thrix,  hair ;  and  kustis,  a  cyst).  Peculiar  cells  found  in 
certain  Infusoria,  and  very  nearly  identical  with  the  "thread-cells"  of 
Ccdenterata. 

Teilobita  (Gr.  treis,  three  ;  lohos,  a  lobe).  An  extinct  order  of  Crustaceans. 
Tritozooid  (Gr.  tritos,  third;  zoiin,  animal;  and  eidos,  form).    The  zobid 

produced  by  a  deuterozooid  ;  that  is  to  say,  a  zooid  of  the  third  generation. 
Trochal  (Gr.  trochos,  a  wheel).    Wheel-shaped  ;  applied  to  the  ciliated  disc 

of  the  Rotifera. 

Trochanter  (Gr.  trecho,  I  turn).  A  process  of  the  upper  part  of  the  thigh- 
bone {femur)  to  which  are  attached  the  muscles  which  rotate  the  limb. 
There  may  be  two,  or  even  three,  trochanters  present. 

Trochoid  (Gr.  trochos,  a  wheel ;  and  eidos,  form).  Conical  with  a  flat  base  ; 
applied  to  the  shells  of  Foraminifera  and  Univalve  Molluscs. 

Trophi  (Gr.  trophos,  a  nourisher).  The  parts  of  the  mouths  in  insects  which 
are  concerned  in  the  acquisition  and  preparation  of  food.  Often  called 
"instrunienta  cibaria." 

Trophosome  (Gr.  trepho,  I  nourish ;  and  soma,  body).  Applied  collectively 
to  the  assemblage  of  the  nutritive  zooids  of  any  Hydrozoon. 

Truncated  (Lat.  tninco,  I  shorten).  Abruptly  cut  ofl" ;  applied  to  iinivalve 
shells,  the  apex  of  which  breaks  ofl:,  so  that  the  shell  becomes  "decol- 
lated." 

TuBicoLA  (Lat.  tidia,  a  tube  ;  and  colo,  I  inhabit).    The  order  ,of  Annelida 

which  construct  a  tubular  case  in  which  they  protect  themselves. 
Tdbicolous.    Inhabiting  a  tube. 

Tunic  ATA  (Lat.  tunica,  a  cloak).    A  class  of  Molltiscoida  which  are  enveloped 

in  a  tough  leathery  case  or  "test." 
TuRBELLARiA  (Lat.  turbo,  1  disturb).    An  order  of  Scolecida. 
Tdrbinated  (Lat.  turbo,  a  top).    Top-shaped ;  conical  with  a  round  base. 

Ulna  (Gr.  olenS,  the  elbow).  The  outermost  of  the  two  bones  of  the  fore-arm, 

corresponding  with  the  fbula  of  the  hind-limb. 
Umbellate  (Lat.  umbella,  a  parasol).    Forming  an  umbel— i.e.,  a  number  of 

nearly  equal  radii  all  proceeding  from  one  point. 
Umbilicus  (Lat.  for  navel).    The  aperture  seen  at  the  base  of  the  axis  of 

certain  univalve  shells,  which  are  then  said  to  be  "perforated"  or  "  um- 

bilicated." 

Umbo  (Lat.  the  boss  of  a  shield).    The  beak  of  a  bivalve  shell. 

Umbrella.    The  contractile  disc  of  one  of  the  Lucernarida. 

Unclnatk  (Lat.  uncinus,  a  hook).    Provided  with  hooks  or  bent  spines. 

Lnguiculate  (Lat.  imguis,  nail).    Furnished  with  claws. 

Ungulata  (Lat.  migtila,  hoof).    The  order  of  Mammals  comprising  the 

Hoofed  Quadrupeds. 
Ungulate.    Furnished  with  expanded  nails  constituting  hoofs. 
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Unilocular  (Lat.  unus,  one  ;  and  loculus,  a  little  purse).  Possessing  a  single 
cavity  or  chaniher.    Applied  to  the  sliells  of  Foraviinifcm  and  Mollumi'^ 

Univalvk  (Lat.  imuti,  one ;  valv(£,  folding  doors).  A  shell  composed  of  a 
single  piece  or  valve. 

UiiODKLA  (Gr.  oura,  tail ;  dclos,  visible).  The  order  of  the  tailed  Amphibians 
(Newts,  &c.) 

UuTiCATiNO  Cells  (Lat.  urtica,  a  nettle).    {See  Cnidae). 

Vacuolks  (Lat.  vacuus,  empty).  The  little  cavities  formed  in  the  interior  of 
many  of  the  Protozoa  by  the  presence  of  little  particles  of  food,  usually  sui-- 
rouuded  by  a  little  water.  These  are  properly  called  "food  vacuoles,"  ami 
were  supposed  to  be  stomachs  by  Ehreuberg.  Also  the  clear  spaces  whicli 
are  often  seen  in  the  tissues  of  many  Cmlenterata. 

Varices  (Lat.  varix,  a  dilated  vein).  The  ridges  or  spinose  lines  which  mark 
the  former  position  of  the  mouth  in  certain  univalve  shells. 

Vascular  (Lat.  vas,  a  vessel).    Connected  with  the  circulator j'  system. 

Veliger  (Lat.  velum,  a  sail ;  gero,  I  carry).  A  name  applied  to  the  larva;  of 
most  of  the  Molluscs,  on  account  of  their  possessing  ciliated  lappets  forming 
a  "velum." 

Velum  (Lat.  a  sail).  The  membrane  which  surrounds  and  partially  closes  the 
mouth  of  the  "disc "  of  Medusce  or  of  medusiform  gonopnores. 

Ventral  (Lat.  venter,  the  stomach).  Relating  to  the  inferior  surface  of  the 
body. 

Ventricle  (Lat.  dim.  oi  venter,  stomach).   Applied  to  one  of  the  cavities  of 

the  heart,  which  receives  blood  from  the  auricle. 
Vermes  (Lat.  vermes,  a  worm).    Sometimes  employed  at  the  present  day  in 

the  same,  or  very  nearly  the  same,  sense  as  Annuloida,  or  as  Annuloida  plus 

the  A  narthropoda. 
Vermiform  (Lat.  vermis,  worm  ;       forma,  form).  Worm-like. 
Vertebra  (Lat.  verto,  I  turn).    One  of  the  bony  segments  of  the  vertebral 

column  or  backbone. 
Vertebrata  (Lat.  vertebra,  a  bone  of  the  back,  from  vertere.  to  turn).  The 

division  of  the  Animal  Kingdom  roughly  characterised  by  the  possession  of 

a  bachbone. 

Vesicle  (Lat.  vesica,  a  "bladder).    A  little  sac  or  cyst. 

Vibracula  (Lat.  vibro,  I  shake).  Long  filamentous  appendages  found  in  many 
Polyzoa. 

Vibriones  (Lat.  vibro,  I  shake).  The  little  moving  filaments  developed  in  or- 
ganic infusions. 

Viperina  (Lat.  vi2^era,  a  viper).    A  group  of  the  Snakes. 

Vitreous  (Lat.  vUriim,  glass).  Glassy,  transparent.  The  "vitreous"  sponges 
ai'e  those  with  a  skeleton  of  flint. 

Viviparous  (Lat.  vivus,  alive ;  and  pario,  I  hring  forth.)  Bringing  forth 
young  alive. 

Whorl.    The  spiral  turn  of  a  univalve  shell. 

Xiphisternum  (Gr.  xipJios,  sword;  sternon,  breast-bone).  The  inferior  or 
posterior  segment  of  the  sternum,  corresponding  with  the  ' '  xiphoid  carti- 
lage "  of  human  anatomy. 

XiPHOSURA  (Gr.  xiphos,  a  sword ;  and  oura,  tail).  An  order  of  Crustacea, 
comprising  the  Liviuli  or  King-Crabs,  characterised  by  their  long  sword- 
like tails.  T  J  i 

Xylophagous  (Gr.  xulon,  wood  ;  and  phago,  I  eat).  Bating  wood,  applied  to 
certain  Mollusca. 

ZEUGLODONTiDJi:  (Gr.  zeugU,  a  yoke ;  odous,  a  tooth).  An  extinct  family  of 
Cetaceans,  in  which  the  molar  teeth  are  two-fanged,  and  look  as  if  composea 
of  two  parts  united  by  a  neck.  ,      ,      ■      i  vi. 

ZofficiuM  (Gr.  zoon,  animal ;  oikos,  house).  The  "  cell "  or  chamber  in  whicli 
the  polypide  of  a  Polyzoiin  is  contained. 
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ZooiD  (Gr.  zoiin,  animal ;  aiul  eidos,  like).  The  more  or  less  completely  iiide- 
peudent  organisms,  produced  by  gemmation  or  lission,  whether  these  remain 
attached  to  one  another  or  are  detached  and  set  fi-ee. 

Zoophyte  (Gr.  zou)i,  animal ;  j^J^ulon,  plant).  Loosely  applied  to  many  plant- 
like animals,  such  as  Si^onges,  Corals,  Sea-anemones,  Sea-mats,  &c. 

Zoospores  (Gr.  zoon,  animal ;  and  spora,  seed).  The  ciliated  locomotive 
germs  of  some  of  the  lowest  forms  of  plants  .{Protophyta). 
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Aardvark,  C49. 
Aardwolf,  70(3. 

Abdominalia    (Cimpedia),    267,    2"6  ; 

(Fishes),  4B6. 
Abiogenesis  (see  Spontaneous  Generation). 
Abranchiata  (Annelida),  244. 
Abranchiata  (Vertebrata),  440. 
Ahyla,  122. 
Ac'alephce,  125. 

Acanthocephala,  214;  characters  of,  228. 

Acanthndidm,  472. 

Acanthometm,  74. 

Acanthometrina,  74. 

Acanthophis,  521. 

Acanthopteri,  46S. 

Acanthopterygii,  457,  463. 

Acarida,  304. 

Ocarina,  303. 

Accessory  plume,  551. 

Acephala  (Mollusca),  378. 

Acerotherium,  6S5. 

J  cervulina,  68. 

Acetabula,  401. 

Achetidce,  333. 

Achtlicres,  269,  270. 

^cicztiitZoB,  397. 

Acineta,  92. 

cipenser,  469,  470,  471,  485. 
Acontia,  147. 

Acorn-shell.s,  271,  272,  273. 

Acridiidce,  333. 
^credits,  478. 
Actinia,  144,  146,  147. 
Actinidce,  145,  146. 
Actinomeres,  167. 
Actinotnetra,  203. 
Actinophrys,  64,  74,  77. 
Autinosoma,  145. 

Actinozoa,  101;  characters  of,  142;  divi- 
sions of,  145  ;  distribution  of,  171. 
Aculeate  Hynienoptera,  341. 
Aculeus,  340,  341. 
Adelarthrosomata,  305. 
Adjutant,  5SS. 
^Egineta,  129. 
uJiginidce,  128,  136. 
Aiginopsis,  128. 
^Eluridm,  702. 
^ainropus,  703. 
jFAurus,  703. 
uEolidce,  395. 
jJiolis,  392 
ulipiornis,  577. 


^qtioridce.  141. 
jJishna,  318. 
Aetomorphce,  605. 
Agama.  529. 
AgamidcB,  528,  529. 
Agapornis,  596. 
Agelacriniten,  204. 
Agnopterus,  583. 
Agouti,  713. 
Ai,  646. 

Air-bladder  of  Fishe."!,  455. 

Air-receptacles  of  Birds,  564. 

Albatross,  580. 

^fca,  579. 

Alcedo,  6i  4. 

.4  Zees,  681. 

Alcidce,  579. 

Alcyonaria,  145;  characters  and  divisions 

of,  156;  distribution  of,  in  time,  176. 
Alcyonidoe,  157,  171. 
Alcyonidium,  361. 
Alcyonium,  157. 
AUantoidea,  440. 
Allautois,  440. 
Alligator,  5.'i4,  536. 
Alpaca,  678. 

Alveolus  (Belemnite),  412. 
Amber,  insects  preserved  in,  S23. 
Amblyrhynchm,  533. 
Ambly stoma,  497. 

Auibulacral  system  (Echinodermata),  ISI, 
182  ;  of  Echinoidea,  186,  187 ;  of  Star- 
Fishes,  192;  of  Ophiiu-oidea,  196;  of 
Crinoidea,  198,  203;  of  Holotlmroidea, 
207. 

Ameiva,  528. 

American  Cuckoos,  596. 

American  Vultures,  607. 

Ametabolie  Insects,  324,  327,  328. 

^)»m,  469,  470,  473. 

Amiadm,  472. 

Ammocwtes,  462. 

Ammodytes,  467. 

Ammonites.  415,  416,  417,  419. 

Ammoni,tld(V,  415,  416,  417,  418,  419. 
.Aninion,  440. 

Amniota,  440. 

Amofha,  17, 18,  69  ;  structure  of,  61 ;  pseu- 

dopodia  of,  62 ;  reproduction  of,  (i/. 
Amoebea,  56,  60,  64. 
Ama'bina,  64. 

A  mpfiibia.  437,  4.39,  440.  441,  481,  4S2 ; 
general  characters  of,  489  ;  developiueut 
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of,  ib.  et  seq.  ;  respiratory  organs  of, 
490;  orders  of,  493-504  ;  distribution  of, 
in  time,  504. 

Amphiccelia  {Crocodilia),  536. 

Amphicyon,  709. 

Aniphidiscs,  S3. 

Amphilcstes,  027. 

Amphimoschus,  686. 

Amphinomidce,  252. 

A  mphioxiui,  36S,  428,  429,  436. 

Amphipneusta,  495, 

Aiitphipoda,  268,  286  ;  characters  of,  287; 

heart  of,  287. 
Amphishcena,  526. 
A  mphisbcenidce,  526. 
Amphitherium,  627,  641. 
Amphitragiihts,  686. 
A  mphiuma,  492,  495,  497. 
Amplexus,  166. 
AmpuUaria,  390,  398. 
Anacanthini,  467. 
Anaconda,  522. 
Anallantoidea,  440. 
Analogy,  21. 
Anamniota,  440. 
Anarthropoda,  240. 
jl7ias,  582. 
Anatidce,  582,  584. 
Anatinidce,  385,  386. 
Anchitherium,  669,  670. 
Ancyloceras,  416,  417. 
Ancylotherium,  649. 
Ancylus,  398. 
Andrias,  497. 
Androphores,  124. 
jineZasmrt,  291. 
Angelina,  282. 
Angler,  465. 
Anguillula,  231,  232. 
Anyuilhilidcc,  232. 
Aiiguis,  526,  527. 
Ani,  596. 

Animals  and  Plants,  differences  between, 

11-16. 
Anisaeodon,  667. 
Anisonema,  93. 

Annelida,  240 ;  characters  of,  242  ;  pseii- 

dohajmal  system  of,  244;  orders  of,  245; 

phosphorescence  of,  94  ;  urticating  cells 

of,  101. 
Annulata  (see  Annelida). 
Annuloida,  characters  and  divisions  of, 

180,  181. 

.4nri.itio.sa,  characters  and  diyisions  of,  240. 

Anomia,  385. 

Anomodontia,  510,  541. 

Annmura,  290,  293. 

Anoplotheri.dce,  673,  686. 

Aiwplotherium,  673. 

Anoplura,  328. 

J  nowra,  characters  of,  498;  development 

of,  500,  501 ;  families  of,  501,  502. 
^nser,  582,  583. 
Anserinoe,  582. 

Ant-eaters,  644,  645,  647,  648,  649. 
Antedon,  202,  203. 
Antelopes,  682,  683. 

Antennsc,  of  Lobster,  266,  292 ;  of  Rhizo- 
cephala,  270,  271 ;  Cirripedes,  271,  273  ; 
of  Cladocera,  279  ;  of  Xiphosura,  283  ; 
of  Arachnida.  301 ;  of  Myriapoda,  312; 
o(  Pauropus,  314;  oi  Insecla,  324. 


Antennularia,  117. 
Auteimules  of  Lobster,  266,  292. 
Anthelia,  157. 
Anthropoid  Apes,  733. 
A  nthropoides,  587. 
AnthiiS,  G02 
Antilocapra,  682,  683. 
Antilopidoe,  682,  686. 
Antipathes,  149,  175. 
Antipathidce,  149,  171. 
Antlia,  338. 
Ant-lion,  334. 
Antrostovms,  604. 

Ants,  340  ;  communities  of,  ;  slave- 
making  instincts  of,  342  ;  relations  witli 
plant-lice,  343. 

Apateon,  605. 

Apatornis,  611. 

Apes,  733. 

Aphanapteryx,  589. 

Aphaniptira,  336. 

Aphidce,  342. 

Aphides,  331 ;  alleged  parthenogenesis  of, 

36,  37. 
^2>/ws,  330. 
Aphis-lion,  334. 
Aphrodite,  253,  254. 
Apiocrinidoe,  201. 
Apiocrinus,  198,  211. 
^pis,  342. 

Aplacental  Mammals,  628. 
AplysiadoB,  395. 

Apoda  (Cirripedia),  267,  276;  {Amphi- 
bia), 493  ;  (Fishes),  465,  467. 
Apodemata,  263. 
Aporosa  (Corals),  155,  175. 
Appendicularia,  366,  369. 
Apsilus,  234. 
Aptenodytes,  579. 
Aptera,  324,  327. 
Apterygidas,  572,  574. 
Apteryx,  556,  558,  567,  572,  573,  574,  575. 
^i)t«S,  39,  280,  297. 

Aquiferous  system  (see  Water- vascular 
system). 

Arachnactis,  146,  148,  171. 

Arachnida,  259 ;  characters  of,  29S ;  so- 
mite of,  298;  organs  of  the  mouth  of, 
299;  respiratory  process  of,  301 ;  distri- 
bution of,  in  time,  310. 

Araince,  596. 

Araneida,  characters  of,  308  ;  webs  of, 

310  ;  distribution  of,  in  time,  310. 
Arcadce,  381,  385. 
Arcella,  63,  64. 
Arcellina,  64. 
Archcvocidaris,  191,  212. 
Archceopteryx,  553,  570,  571,  60S,  609. 
A  rchegosaitnis,  503. 
A  rchitarbus,  310. 
A  rchiteuthis,  418. 
Archi.ulidce,  316. 
Archiulus,  3i6. 
A  rctictis,  705. 
Arctisca,  304. 
A  rctocebus,  729. 
Arctocyon,  710. 
Arctomys,  717. 
Arctopitheci,  730. 
.Ardeci,  587. 
A  rdeidre,  587. 
Arenicola,  254,  255. 
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Argtnauta,  852,  401;  shell  of,  408,  409; 

repi-otluctive  process  ol",  406,  41o ;  hec- 

touotylus  of,  400. 
A  njiinautida'.,  409. 
Ari.stotle's  Lantern,  188. 
Ark-sliolls,  885. 

Aviiiadillos,  616,  627,  644,  645,  647. 

Anns  of  Star-llslies,  lO.'i ;  of  Ophiuroidea, 
196;  of  Crinoidea,  200;  of  Comahda, 
203  ;  of  Cystoidea,  205  ;  of  Bracliiopoda, 
372;  of  Cuttle-lislies,  401 ;  ol  NmUilus, 
402,  414. 

Artemia,  280. 

Arthrogastra,  307. 

Arthropoda,  240;  characters  and  divisions 

of,  258. 
Articulata,  258. 

Articulata  (BracJdopoda),  375,  376. 

Artiodactyla,  663,  670. 

Arwicola,  715. 

Asaphus,  282. 

Ascaris,  230,  231,  232,  23."}. 

Ascidians,  solitary,  social,  and  compound, 

368,  369. 
A  scidioida  (see  Tunicata). 
Ascoceras,  416. 
Asellus,  289. 
A  sinus,  668. 

Asiphonida  (Lamellibranchiata),  385, 386. 

Aspidisca,  8S. 

Aspidorhynchus,  473. 

Asplanchna,  236. 

.AsiacMs,  291. 

Astasia,  93,  94. 

Asteriadce,  195. 

Asterinidce,  195. 

Asterocanthiidoe,  195. 

Asteroid  Polypes,  156. 

Asteroidea,  182,  183  ;  general  characters 
of,  191 ;  families  of,  195;  distribution 
of,  in  space,  210;  in  time,  211. 

Asthenosoma,  190. 

Astomata,  56. 

Astrcea,  154. 

Astrceidce,  155. 

Astrogonium,  211 

.4siro;pecie?i,  19 '2,  211. 

Astropectinidce,  195. 

Astrophyton,  197. 

A  teles,  Til. 

Athccata,  106. 

Athemra,  714. 

Atlantidce,  397. 

Atolls,  172,  173,  175. 

Atrial  system  {Bracliiopoda),  373. 

Atrium  [Tunicata),  365. 

^««rt,  343. 

Auchenia,  678. 

Auk,  578,  579. 

Aulopora,  156. 

Aurelia,  132,  136. 

Aurelia,  325. 

Auricular ia,  207. 

Aitriculidce,  397. 

Aurochs,  084. 

Aiitolylw,  254. 

Autophagi,  566. 

^yes,  440  ;  general  characters  of,  549-56S  ; 
feathers  of,  550-552;  vertebral  colunm 
of,  552  ;  beak  of,  554 ;  pectoral  arch  and 
fore-limb  of,  555  S(2<?  ;  hind-limb  of, 
658  c«  SC2. ;  foot  of,  659 ;  digestive  sys- 


tem of,  560-5'i3 ;  resjiiratory  system  of, 
5fi;i;  circulatory  system  of,  564,  5G5 ; 
nervous  system  and  organs  of  sense  of, 
566,  567;  reproductive  system  of,  565; 
juigrations  of,  568  ;  divisions  of,  570- 
572;  orders  of,  572-611  ;  distribution  (.r, 
in  time,  568-570 ;  literature,  611-613. 

Avicularia,  3.56,  357,  358,  360. 

AviciUidce.  385. 

Avocet,  585. 

Axinella,  79. 

Axolotl,  495,  496,  497. 

Aye-aye,  728. 

Bahirma,  673. 
Baboon,  732,  733. 
Babyroussa,  673. 
Bacteria,  9,  42,  43,  45. 
Bactrites,  419. 
Baculites,  416,  417,  419. 
Badger,  703. 
Bukvna,  655,  656,  658. 
Balcenidce,  055,  657,  668,  602. 
Baloenoptera,  658. 
Balancers,  319,  337. 

Balanidce,  267,  272,  273,  274,  275,  :!:• 

distribution  of,  in  time,  297. 
Balanoglossus,  111. 
Balanus,  272,  273,  274,  275. 
Balatro,  234. 
Balearica,  587. 
Baleen,  655,  656,  657. 
Balistidw,  468. 
Banded  Ant-eater,  640. 
Bandicoot,  639. 
Banxring,  725 
Barbadoes  Earth,  75. 
Barbel,  466. 
Barbets,  598 
Barnacles,  271,  272,  274. 
Barrier-reefs,  172,  173,  174. 
Bascanion,  521. 
Basiliscus,  529. 
Bathybius,  60. 
Bathycrimts,  202,  210. 
Batidcs,  478,  479. 
Batrachia,  498. 
Bats,  543,  617,  018,  620  et  seq. 
Beaked  Rays,  480. 
Bear,  698,  701,  702,  709. 
Bear-animalcules,  304. 
Bearded  Vulture,  607. 
Beaver,  714. 
Bed-bug,  332. 
Bee-eaters,  603,  604. 

Bees,  parthenogenesis  of,  37;  communi- 
ties of,  342. 
Belemnites,  structure  of,  412. 
Belemnitidce,  411,  412,  419. 
Belinurus.  297. 
Bellerophina,  ^98. 
Bdlerophon,  398. 
Belodon,  537. 
Beluga,  473. 
Beuturong,  705. 
Berardius,  601. 
Beroe,  170. 
Beroidcv,  170. 
Bighorn  Sheep,  684. 
Bimana,  general  characters  of,  736. 
Binomial  nomenclature,  29. 
Biology,  definition  of,  1. 
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Bioplasm,  7. 
Bipa;  724. 
Bipiiinaria,  195. 
Bird-lice,  S'lO. 

Bird's-head  process,  356,  357. 

Birds  of  Paradise,  COO. 

Birds  of  Pi-ey  (see  liaptoren). 

Birgun,  294. 

Bison,  6S5. 

Bittern,  5S7. 

Bivalve  Shell-flsh,  378. 

Black  Corals,  149. 

Black  Snake,  321. 

Bladder,  contractile,  of  Rot  if  era,  235. 
Blastoidea,  1S3;  general  cliaracters  of, 

205 ;  distribution  of,  in  time,  211. 
Blastostyle,  111,  112. 
Blatta,  332. 
Blattidce,  333. 
Blcnniidce,  468. 
Blind-worin,  523,  526,  527. 
Boa,  522. 
Boatbill,  587. 
Boat-fly,  332. 
Bolina,  170. 
Bumbidce,  342. 
Bonasa,  591. 
Bony  Pike,  472. 
Bjok-scorpion,  306. 
Bopyridoe,  288,  289. 
Bos,  684. 
Boschas,  582. 
Botaunis,  587. 
Bot-flies,  338. 
Bothrioccphahis,  217,  22). 
Butryllus,  363,  367,  369. 
Bourgiieticrinus,  201. 
Bovidce,  682,  684,  687. 
Bower-birds,  601. 
Box-slaters,  289. 
Brachiolaria,  195. 

Brachioiioda,  349,  350,  351,  354;  general 
characters  of,  370;  shell  of,  370-372  ; 
arms  of,  372 ;  atrial  system  of,  373 ; 
nervous  system  of,  374  ;  divisions  of, 
375,  376  ;  distribution  of,  in  space,  376 ; 
in  time,  ib. ;  development  of,  376. 

Brachiima,  269. 

Brachymetvpus,  297. 

Bixichyura,  290 ;  characters  of,  294  :  de- 
velopment of,  295. 

Bracts  (see  Hydrophyllia),  121. 

Bradypodidce,  644,  645,  650. 

Brady  plus,  645,  646. 

Bramatheriuin,  6S7. 

Branchellion,  245,  247. 

Branchial  arches  (Fishes),  448,  452. 

Branchial  hearts  (Cuttle-fishes),  403. 

Branchial  sac  {Tunicata),  304,  365  ;  (Lan- 
celet),  453. 

Branchiata  (Annelida),  244. 

Branchiata  (Gasteropoda,  393. 

Branchiata  (Vertebrata),  440. 

Branchifera,  389,  393,  39S. 

Branchiobdella,  247. 

BrancluMjasteropoda,  389,  393. 

Branchiopoda,  268,  277,  279. 

Branchiostegal  rays,  447,  453,  4fi4. 

Branchiostovm  (see  Amphioxus). 

Branchijnis,  280. 

Brevilinyuia,  525. 

Breoijiennatoe,  578. 


Brill,  467. 
Brine-slirimp,  280. 
Brisinga,  195. 
Brisingido!,  195. 
Brittle-stars,  l!)6. 
Brocket  Deer,  681. 
Brontotheridce,  667,  686. 
Brontotheriurn,  567. 
Bruta  (see  Edentata). 
Bryozoa  (see  Polyzoa). 
Bubalus,  685. 
Bubble-shells,  395. 
Bubo,  608. 
Buccinidm,  394. 
Buccinurri;  388. 
Bucconidce,  595,  598. 
Buceros,  600. 
Bucerotidce,  599. 
Bufialo,  685. 
Bu/o,  502. 
Bufonidce,  501. 

Bu'lbus  arteriosus,  454,  464,  472,  475,  483, 

490. 
Bullfinch,  601. 
BuUidai,  395. 
Bull-frog,  6'  2. 
Bumble-bees,  342. 
Bungarus,  521. 
Bunodonts,  670. 
Buprestidce,  345. 
Burying  Beetles,  345. 
Bush-quails,  592. 
Bustards,  588,  589. 
Butterflies,  320,  325,  838,  339. 
Buzzards,  605,  607. 

Byssus  (of  LamelUbranchiata),  3S4,  385. 

Cachalot,  658. 
Caddis-flies,  334. 

Caducibraiichiata  (Amphibia),  490,  491, 
497. 

Cwca,  intestinal  (of  Birds),  562. 
Caeca,  pyloric  (of  Fishes),  455. 
Ccecilice,  492,  494,  495,  505. 
Caiman,  535,  536. 
Cake-urchins,  188,  190. 
Calamaries,  410,  411. 
Calamoichthys,  469,  473. 
Calcarca  (Sponges),  85. 
Calcarina,  72. 
Calceola,  165,  166. 
Calcispongice,  78,  82,  85. 
Calice  (Corahs),  152. 
Californian  Vulture,  60S. 
Calling  Crabs,  295. 
Calling  Hares,  713. 
Caliithrix,  731. 
Callograptus,  141. 
Callurhynchus,  477. 
Calveria,  190,  212. 

Calycophoridm,  120;  polypites  of,  ib.  ; 

reproduction  of,  122 ;  development  of, 

ib.  ;  distribution  of,  141. 
Calyptoblastic  Hydroids,  114. 
Calyptroiidai,  394. 

Calyx  (of  Vorticella),  91 ;  (of  Crinoids), 
199  210. 

Camo'lidai,  624,  676,  677,  678,  686. 
Cavielopardalidce,  677,  681. 
Camelopardalis,  681. 
Camdus,  677,  678. 
Campanularia,  119. 


778 


INDEX. 


Campanularida,  104,  117 ;  medusiform 

goii()i)li()ie8  of,  117. 
Catnpiidca,  ;i28,  330. 

Caimls,  of  SjiDiinfs,  80 ;  of  yl  Icynnaria, 

157,  100  ;  of  Ctenophora,  l(iS,  I'o'J. 
Cancrovia,  587. 
Canidce,  700,  709,  710. 
Canin,  700,  707. 
CantharidcH,  345. 
Caiivass-back  Duck,  582. 
Capitulum  {Lepadidce),  272,  275. 
Capra,  684. 
Caprella,  28(5. 
Capreolun,  080. 
CaprhmUgidce,  603,  604.. 
Capybara,  V13. 
Carabidce,  345. 
Caracal,  709. 

Carai)ace,  of  DiJUur/ia,  63  ;  of  ^rceiZa,  ?7).  ; 
of  Vaginicola,  92;  of  C7'?(siacea,2*^4,  209, 
292  ;  of  Lobster,  262,  204,  292  ;  of  Crab, 
294  ;  of  Chelonian  Reptiles,  511,  512. 

Carcharim,  478,  479. 

Carcharodim,  487. 

Carcheai'um,  92. 

Cardiadce,  385,  386. 

Carduelis.  601. 

Caribou,  OSl. 

Carinaria,  352,  396,  398. 

Carinatm,  571,  577. 

Carnivora,  618,  621 ;  general  characters 
of,  697  ;  divisions  of,  098-7U9;  distribu- 
tion of.  in  time,  709,  710. 

Carp,  466. 

Carpcnteria,  70,  71. 

Caipophaga,  638. 

Carriage-spring  apjiaratus  (Brachiopoda), 
372. 

Caryocaris,  297. 
Caryophyllia,  151. 
Cassidiua,  289. 
Cassidulinidce,  69. 
Cassis,  392. 

Cassowary,  556,  558,  560,  572,  574. 

Castor,  714. 

Castoridce,  714,  717. 

Castoroides,  718. 

Casuarius,  574. 

Catarhina,  727,  731,  736. 

Cathartes,  608. 

Cathartidce,  606.  607. 

Catodontidce,  655,  658,  662. 

Cats,  709. 

Cavia,  713. 

Cavicornia,  682. 

Cavidce,  713,  7i7. 

Cebidce,  730,  731. 

Cehns,  731. 

Ceeidomyia,  338. 

Cells,  of  Polyzoa,  354,  357. 

Cellulose  in  Ascidiaus,  13,  3(i4. 

Cement-gland  of  Cirripedes,  271,  273. 

Centetes,  724. 

CentetMce,  724,  726. 

Centipedes,  311,  313. 

Centrocercus,  591. 

Cephalaspis,  474,  475,  485. 

Cephalobranchiata  (see  Tubicola). 

Cephalo2)hora  [MoUusca),  378. 

Cephalopoda,  350,  351,  378,  387;  general 
characters  of,  400  ;  arms  of,  401  ;  funnel 
of,  402 ;  ink-bag  of,  403 ;  mandibles  of, 


i6. ;  digestive  system  of,  ;  branchiii- 
of,  j7).  ;  nervous  systein  of,  404;  rejiro- 
duotion  of,  404-407  ;  skeleton  of,  407, 
408;  diviHions  of,  4118-417  ;  distribution 
of,  in  space,  417  ;  in  time,  418,  419. 
Cepliuloptera,  480. 

Cejjimiothorax,  of  Crustacea,  260 ;  of  A  r- 

achnida,  298. 
Cephaluna,  269. 
Cephea,  136. 
Cerastes,  521. 
Ceratiocaris,  297. 
Ceratites,  415,  419. 
Ceratodus,  481,  483,  487. 
Ceratophrys,  493. 
Cercocebus,  727,  732. 
Cercolabes,  714. 
Cercolabidce,  714. 
Cercoleptes,  702. 
Cercopithecus,  732. 
Cere,  of  Birds,  561,  567. 
Cerianthus,  146,  148,  170,  171. 
Cerithiadce,  394,  398. 
Certhia,  602. 
Certhidce,  602. 
Cervidm,  679,  680,  686. 
Cervus,  680,  681,  686. 
Ceryle,  604. 

Cestoidca  (see  Tceniada]. 
Cestracion,  478,  479,  486. 
Cestraphori,  478,  486. 
Cesttim,  170. 

Cetacea,  615,  616,  618,  619,  620,  624,  ei.'i, 
627 ;  general  characters  of,  654  ;  groups 
of,  655  ;  distribution  of,  In  time,  661. 

Cetiosaurus,  537,  446. 

Cetochilus,  279. 

Cetonia,  348. 

Chacma,  733. 

Chceropotainus,  686. 

Chceropsis,  671. 

Chceropus,  639. 

Chcetetes,  156. 

Chcetognatha,  24'>. 

Chcetonotus,  234,  256. 

Choetophora,  244. 

Chmtopoda,  253. 

Chalcididce,  526. 

Chalicomys,  718. 

Chamceleo.  531. 

Chamcelcontidce,  531. 

Chamidw,  385,  386. 

Chamois,  (383. 

Channel-bill  Cuckoo,  595. 

Charadriidce.  588. 

Charadrius,  588. 

Cheese-mite,  304,  305. 

Cheetah,  709. 

Cheilostomaia,  S61,  362. 

Cheiromydce,  728. 

Cheiromys.  728. 

Cheironect.es,  639. 

Cheiro2)tera,  general  characters  of,  718; 

divisions  of,  719 ;  distribution  of,  m 

time,  721. 
Cheirotherium,  503. 

Chelffi,  264;  of  King-crab,  283  ;  of  Scorpion, 

301,  308  ;  of  Book-scorpion,  3u6. 
Chelicerw,  301,  308. 
Chelichmis,  515. 
Chelifer,  306. 
Cheliferous  Slaters,  298. 
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Chelone,  512,  514. 

Chflonia,  510  ;  general  diaracters  of,  510- 
515  ;  subdivisions  of,  513-515;  distribu- 
tion of,  in  time,  515. 

Chelouiidce,  514. 

Chelonobatrachia  (see  A  noura). 

Chelydidce,  511. 

Cheli/dra,  514. 

Chevrotains,  677,  67S. 

Chigoe,  336. 

Chilognatha.  313. 

Chilopoda,  313. 

Chimcera,  477,  478. 

Chimceridce,  477. 

Chimpanzee,  734,  735. 

Chinchilla,  714. 

Chinchillidce,  714. 

Chirocephalus,  280. 

Chirodota,  2u9. 

Chirotes,  524,  526. 

Chiton,  352. 

Chitonidoi,  394. 

Chlamydosaurus,  529. 

Chlaimidutheriunt ,  651 . 

Chlamyphonis,  647,  64S. 

Chlorophyll  in  animals,  13. 

Cholwpus,  515,  644,  647. 

Chondroptert/ffidce,  457,  475. 

Chondrosteidce,  473. 

Chondrostcus,  4S5. 

Chorda  dorsalis  {see  Notochord). 

Chromatophores,  4ul. 

Chrysalis,  325. 

Chrysaora,  134. 

Chrysochluris,  723. 

Chrysopa.  334. 

Chub,  466. 

Chylaqueous  canals  (Medusce),  127. 
Chylaqneous  fluid,  of  Rotifera,  235 ;  of 

Annelida,  244,  252. 
Chylific  stomach  of  Insects,  321. 
Chyme-mass  of  Iiifusoria,  89. 
Cicada,  331,  332. 
Cicindelidas,  345. 
Ciconia,  587. 
Ciconince,  587. 
Cidaris,  185. 

Cilia,  of  Sponges,  79  ;  of  Infusoria,  89,  91 ; 
of  Actinozoa,  143 ;  of  Cienophora,  167, 
169 ;  of  Echinus,  188 ;  of  Aunelides, 
244. 

Ciliata  (Infusoria),  88. 
Cimex,  332. 
Cinclides,  147. 
Cimolornis,  583. 

Cirrhi,  of  Annelides,  243,  252  ;  of  Cirn- 
pedia,  273 ;  of  Brachiopoda,  372  ;  of 
Lancelet,  458. 

Cirrhopoda  (see  Cirripedia). 

Cirripedia,  41,  267  ;  general  characters  of, 
271;  development  of,  272;  shell  of, 
273,  274  ;  reproduction  of,  275 ;  divi- 
sions of,  275,  276  ;  distribution  of,  in 
time,  297. 

Cirrostomi  (see  Pharyngobranchii). 

Civet,  705. 

Claducera,  268 ;  characters  of,  279. 
Clamatnres,  590. 
Clangula,  582. 
Classification,  2S  29. 
Clavalella,  110. 
Cleodora,  399,  400. 


Clepsine,  247. 
CUmacograptus,  142. 
Cliona,  85 
Clisiophyllum,  166. 
Clistenterata,  375. 
Clitellum.  248. 

Cloaca,  of  Rotifera.  235  ;  of  Tnsccta,  321 ; 

of  Tunicata,  365;  oi  Amphibia,  493; 

of  Reptiles,  508  ;  of  Birds,  663  ;  of  Mouo- 

tremes,  629,  630. 
Ciot/io,  521. 
Clupeidoi,  466. 
Clymenia,  415. 
Clypeaster,  184. 
C?2/<t«,  34,  110 
Cnemiornis,  584. 
Cnidas,  100. 
Coati,  702. 
Cobra,  521. 
Coccidce,  330,  331. 
CoccinellidoB,  345. 
Coccoliths,  74. 
Goccospheres,  74. 
Coccosteus,  474,  475,  485. 
Coccothraustes,  601. 
Coccus,  331. 
Coccygus,  596. 
Cockatoo,  596. 
Cockle,  386. 
Cockroach,  332,  333. 
Cocoon,  326. 
Cod,  467. 
Codonella,  89. 

Caelenterata,    86  ;   characters    of,    98  ; 

thread-cells  of,  100  ;  divisions  of,  101. 
Ccelogenys,  718 
Cojnenchyraa,  154. 
Coenoscium.  355. 

Coenosarc,  103;  of  Oceanic  Hydrozoa, 
120 ;  of  Physalia,  123 ;  of  Velella, 
125. 

Coenurus,  220. 

Coleoptera,  318,  327,  323 ;  mouth  of,  319 ; 

characters  of,  344 ;  sections  of,  345. 
Collembola,  329. 
Collocalia,  604. 
Collosphoira,  76. 
Culobus,  731,  732. 
Colossochelys,  515. 
Coluber,  521,  523. 
Colubrina.  521. 
Columha,  592. 
Columbacei,  590,  593. 
Columbidai,  593. 

Cohnnclla,  of  Corals,  152  ;  of  the  shells  of 

Gasteropoda,  392. 
Column,  of  4c<i?iwZflg,  146. 
Colymbidce,  580. 
Colymhus,  559,  580. 
Comarocystites,  205. 
Coviaster,  203. 

Comatula,  202,  203.  209,  211. 
Compsognathus.  545. 
Conchicolites,  255. 

Conchifera,  (see  Lamellibranchiata). 

Condor,  608. 

Condylura,  722. 

Conidce,  394. 

Conirostres,  599. 

Conodonts,  485. 

Conosmilia,  166,  175. 

Contractile  vesicle,  of  Protozoa,  55 ;  of 
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Ajnceba,  62;  of  Paramoectum,  90;  of 
Vortimlla,  "Jl ;  of  EpislyUa,  0'2. 

Conulariu,  400. 

Coot,  585,  5S6. 

Copcpoda,  208  ;  characters  of,  278. 
Cophobelemnou,  159. 
Coml  (see  Ci)ialluiii). 
Coral-reels,  171  et  neq. 
Coral-siiake.s,  521. 
Corallite,  151. 
CoralUum,  100,  161. 

Coralluiii,  145, 149, 150,151,152,153,156,157, 
158,  15!»,  lOO,  101,  102,  103,104,  105,100. 

Cordi/lophura,  100;  gouopliores  of,  108; 
distribution  of,  141. 

Cormorant,  581. 

CornuUtes,  255. 

Cortical  layer,  of  Infusoria,  88,  SO ;  of 

Noctiliica,  95. 
Corvidcv,  000. 
Con/ne,  108. 

Coi-ynida,  lOi;  characters  of,  106  .•repro- 
duction of,  107;  tyiies  of,  112;  devel- 
opment of.  111 ;  distribution  of,  HI. 

Corynoides,  141. 

Coryomorpha,  106, 113. 

Corypliodon,  685. 

Cossits,  340. 

Cotxtrnix,  591. 

Coypu,  714. 

Cow  Bunting,  595. 

Cowries,  394. 

Crab-Lobsters,  294. 

Crabrunidce,  342. 

Cracidce,  592. 

Crane,  5S0. 

Crane-fly,  337,  333. 

Crangon,  288. 

Crania,  371,  372,  377. 

Craniadce,  376,  377. 

Craspeda,  147. 

Crax,  592. 

Creepers,  602. 

Crex,  580. 

Cribella,  195. 

Cricetus,  715,  716. 

Cricliets,  333. 

Crinoidaa,  183  ;  general  characters  of, 
198  et  seq.  ;  distribution  of,  in  space, 
209  ;  in  time,  21ii;  structure  of  calyx  in 
fossil  forms  of,  ib. 

Crioceras,  416,  417,  418. 

Cristatella,  357. 

Cristatellidce,  361. 

Cristellaridea,  09. 

Crooodilia,  508,  509,  510  ;  general  charac- 
ters of,  534  ;  divisions  of,  530. 
Crocodihcs,  535,  530. 
Crop  of  Insects,  321 ;  of  Birds,  561. 
Crossarchus,  705. 
Cross-bill,  601. 

Crossopterygidce,  471,  472,  481. 
Crossopus,  724. 
Crotalidm,  518,  52  \  521. 
Crotalus,  517,  520. 
Crotophaga,  596. 
Crows,  600. 

Crust,  ot  Crustacea,  260;  of  Trilobites,  281. 

Crustacea,  258,  259  ;  general  characters  of, 
250  et  seq. ;  morphology  of  a  typical  Crus- 
tacean, 260  etseq. ;  divisions  of,  207;  dis- 
tribution of,  in  space,  295  ;  in  time,  296. 


CryptoheUa,  165. 
Crij'pfoiuscus,  289. 
Cryplupldalus,  276. 
Cryploprocla,  705. 
Cryploslegid,  09. 
Crystalline  stylet,  382. 
Ctenacanthus,  486. 
Ctenocyst,  109. 
Ctenndiscus,  192. 
Ctenodus,  487. 
Ctenoid  scales  of  fishes,  443. 
Ctenamys,  714. 

Ctenophora,  145 ;    characters  of,   1C6  ; 

homologies  of,  169;  divisions  of,  17u  ; 

distribution  of,  171. 
Ctenoplioral  canals,  168,  170. 
Ctenopliores,  167. 
Ctenoptycldus,  .486. 
Ctenostomata,  354,  361. 
Cuckoo,  595. 
CuctUido},  595. 
Cueumaria,  2u9. 
CuUci(J.CB,  337,  338. 
Cultirostrcs,  58t}. 
Ctmina,  129. 
Curassow,  592. 
Curlew,  588. 

Cursores,  553,  564 ;  characters  of,  572,  575 ; 
distribution  of,  in  time,  575-577. 

Cuscus,  633. 

Cuticle,  of  Amoeba,  61 ;  of  Infusoria,  89. 

Cuttle-bone,  407,  411. 

Cuttle-fishes,  400,  401,  402,  403,  400.  407, 

408,  409,  417. 
Cuvi^ria,  399,  400. 
Cyamus,  287. 
Cyanca,  133,  136. 
Cyathaxonia,  106. 
Cyathaxonido),  166,  175. 
Cyathojjhyllidce,  166,  175. 
Cyathophyllum,  152,  166. 
Cycladidm,  385,  386. 
Cyclas,  383. 
Cyclobranchiata,  894. 
Cyclodus,  525. 

Cycloid  scales  of  Fishes,  418. 
Cyclolabridce,  468. 
Cyclophthalmus.  310. 
Cyclopoidea,  262. 
CycLupis,  278. 

Cyclostomata{Polyzoa),  361,  362 ;  (Fishe.s). 
459. 

Cyclostomi  (Fishes),  459. 

Cyclostomidai  (Gasterui}oda),  397. 

CycloUmrus,  648. 

Cydippe,  107. 

Cygnidce,  582. 

Cygnus,  581. 

Cymothoa,  288. 

Cynwlurus,  709. 

Cynipidai,  341. 

Cynocephalus,  732,  733. 

Cynodictis,  710. 

Cynodraco,  546. 

Cynoyale,  705. 

Cynoinys,  717. 

Cynopithecus,  733. 

Cyprccidce,  394. 

Cypridina,  277. 

Cyprinidw  (Mollusea),  385,  3S6  ;  (Fishes), 
466. 

Ci/i)ris,  277,  278. 
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Ci/pselidfe,  603,  604. 

Ciirtocera)!,  416,  419. 

Ci/rtolitcs,  39S. 

Ci/sticerci,  216,  218,  220. 

Cystic  Worms,  215,  219,  220,  221. 

Ci/xtiphi/tlidce,  166,  175. 

d/sfiphyllain.  165,  166. 

Cystoidea,  1S3;  general  characters  of,  203 ; 

distribution  of,  iu  time,  211. 
Cijtherc,  277. 
Cytherea,  379. 

Bacelo,  604. 
Dactylethra,  501. 
DacUilo2)term,  450. 
Dafiia,  5S2. 
Dakosaurus,  537. 
Davia,  6S!>. 
Daphnia,  279. 
Darter,  581. 
Darwinian  theory,  46. 
Dasornis,  575. 
Dasypodidce,  644,  647. 
Dasyprocta,  713. 
Basypus,  645,  647. 
Basyurus.  637,  640,  6 J  3. 
Bawsonella,  39S. 
Death-adder,  521. 

Bccapoda  (Crustacea),  289  ;  distribution 
of,  in  time,  297;  (Cephalopoda),  402,  4U9, 
411. 

Decollated  shells,  353. 
Deer,  679,  680. 
Begeeria,  328,  329. 
Bemosauria  (see 'Binosauria). 
Beinothermm,  692,  695. 
Belphinidce,  665,  659,  662. 
Beli}h.inus,  659,  660. 
Demodex,  304,  305. 
Bendrocoela,  225. 
Bendrograptus,  137, 141. 
Bendrohyrax,  692. 
Bendrolagus,  637. 
Bendrophyllia,  150. 
Dendrostyle,  136. 
Dental  fonnula,  623,  624. 
Bentalidce,  394. 
Bentalina,  68. 
Bentalium,  391. 
Bmtirostres,  599,  601. 
Derrias,  733. 
Desman,  724. 

Development,  39 ;  Retrograde.  41 ;  of 
Gregarinidce,  58  ;  of  Foraminifera,  67 ; 
of  Sponges,  84 ;  of  Hydra,  106  ;  of  Co7-)/- 
JiicZft,  111;  of  Calycophnridce,  122;  of 
Physnphoridce.  124  ;  of  Medusidce,  128; 
of  Lucernarida,  132 ;  of  Actinidce,  147  ; 
of  Pleurohrachia,  169 ;  of  Echinoder- 
mata,  182  ;  oi  Echinoidea,  190  ;  of  ^sie- 
roidea,  194  ;  of  Ophiuroidea,  197  ;  of 
Coviatula,  203  ;  of  Holotlmroidaa,  207  ; 
of  Tceniada,  217  ;  of  Trematoda,  223  ; 
of  Neinertida,  226 ;  of  Balanoglosms, 
227 ;  of  Acanthocephala,  229 ;  of  Tn- 
china,  232  ;  of  the  Guinea-worm,  t6.  ; 
of  Gephyrea,  242  ;  of  Hinidinm,  247 ; 
of  Tnbicolar  Annelides,  250  ;  of  Errant 
Annelides,  254 ;  of  Crustacea,  261 ;  of 
Jchthyoj)hthira.  269  ;  of  Rhizocephala, 
271 ;  of  Cirripedia,  272  ;  of  Ostracoda, 
277 ;  of  Copepoda,  278  ;  of  Phyllopoda 


280 ;  of  Trilohita,  282 ;  of  Limulus, 
285;  of  Isnpoda,  2S8,  289;  of  AmjM- 
poda,  287  ;  of  Stotnapoda,  289  ;  of  7l/«c- 
nfm,  293;  ol  Anoimira,  293;  of  L'm- 
chyura,  295  ;  of  Arachiiida,  302 ;  of 
Myriapnda,  312  ;  of  Insecta,  324  se^.; 
of  Polyzoa,  361 ;  of  Tunicata,  366 ;  of 
Brachiopoda,  375  ;  of  Lamellibranchi- 
ata,  384 ;  of  Gasteropoda,  391 ;  of 
Amphibia,  189  ci  seg. 
Dextral  shells,  353. 

Bihranchiata  (Cephalopoda),  408  ;  charac- 
ters of,  divisions  of,  4U9-41 2  ;  distri- 
bution of,  in  S])ace,  417  ;  in  time,  419. 

Biceratherium,  c63,  664,  685. 

Biconodon,  667. 

Bicoryne,  111. 

Bicotyles,  673. 

Bicrocerus,  686. 

Bictyocysta,  89. 

Bictyonema,  141, 142. 

Bicynodon,  541. 

Bicynodontia,  541. 

Bicystidea,  67. 

Bidelphia,  629,  633. 

Bidelphidce,  633,  639,  640. 

Bidelphys,  633,  639,  640. 

Bididce,  593. 

BidunculidcB,  593. 

Bidunculus,  593. 

Dirfrts,  593. 

Bidymograptus,  142. 

Bifflitgia,  63. 

Bigitigrada,  698,  704. 

Bimorphodon,  543. 

Bimyaria,  384. 

Dinoceras,  687,  68S,  689. 

Binocerata,  6S7. 

Binophis,  523. 

Binornis,  575,  576,  577. 

Binornithidce,  575. 

Binosauria,  410,  543,  544,  545. 

Biomedea,  580. 

Biphasia,  115,  116. 

Diphycercal  tail  of  Fishes,  451. 

Biphyes,  122. 

Diphyozooids,  122. 

Biplacanthus,  485. 

Biplograptus,  138,  142. 

Bipnoi,  461 ;  general  characters  of,  481 
;  distribution  of,  in  time,  484, 

487. 

Bipodidce,  716,  717. 
Bipodomys,  715. 
Biprotodon,  643. 

Biptera,  319,  321,  327,  326;  mouth  of, 

321 ;  characters  of,  337. 
Bipterus,  487. 
Bipus,  716. 
Biscina,  372,  377. 
Biscinidce,  376,  377. 

Biscophora  (Medusae),  characters  of,  125 

Biscophora  (Leeches)— see  Hirudinea. 
Biscorbina.  66. 
Dissepiments  of  Corals,  153. 
Distal,  103 
Bistoma,  223,  224. 

Distribution,  geographical,  48-50  ;  bathy- 

metrical,  50 ;  geological,  51. 
Bithyrocaris,  297. 
Diver,  578,  580. 
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Pjiggetai,  669. 
Docdphdrus,  328. 
Dodo,  :m,  594. 
Dog,  70(5. 

Dog-llshes,  479,  479. 
DoUolum,  3rt6,  3«9. 
Dolpliiim,  059,  H(iO. 
Dorcalherium,  OSCi. 
Dorida;,  395. 
Z)or)'»,  390. 
Dormice,  716. 

Dorsal  vessel  of  Insects,  322. 
Dorsihranchiata  (see  Errantia). 
Dori/laimus,  231. 
Draco,  529,  530,  548 
Dracuncnlus,  231,  232. 
Dragon-Hies,  334. 
Bremntherium,  680. 
Droinceornis,  577. 
Dromaiiis,  674. 
Droinatherium,  641. 
Dromedary,  678. 
Dromia.  294. 
Dryopithecus,  736. 
Dnclc,  567,  582. 

Duck-mole,  filfi,  618,  622,  629,  630,  631. 
Dugonp,  615,  651,  652,  653. 
Dytiscidoe,  345. 

Eagle,  607. 
Eagle-rays,  480. 
Earthworm,  248. 
Earwig,  333. 

Echidna,  622,  626,  629,  630,  631,  632,  633. 

Echimys,  714. 

Echinococci,  221,  222. 

Echinodermata,  18U ;  general  characters 
of,  181 ;  development  of,  182  ;  divisions 
of,183;  distribution  of,  in  time,  210etseq. 

Echinodon,  533. 

Echinoidea,  characters  of,  183 ;  test  of, 
ib. ;  ambulaeral  system  of,  1S6;  digest- 
ive system  of,  188;  divisions  of,  190; 
distribution  of,  in  space,  210;  in  time, 
212. 

Echinorhynchus,  228,  229. 

Echinotlmria,  190,  212. 

Echinothuridce,  183,  190. 

Echinozoa,  180  (see  Annuloida). 

Echinus,  184,  185,  188,  189. 

Echiunis,  241. 

Ectocyst,  357. 

Ectoderm,  100. 

Kctosarc,  61. 

Eda23hodus,  477,  487. 

Edentata,  618,  625  ;  general  characters  of, 

644  ;  distribution  of,  in  time,  649. 
Edrio2Jhthalinata,   268;  characters  and 

divisions  of,  286. 
Edioardsia,  146,  148,  171. 
K«)s,  465. 
Elapina,  521. 
Elaps,  521. 
Eider-duck,  582. 

Elasmobranchii,  characters  of,  475  et 
seq. ;  divisions  of,  477-480  ;  position  of, 
in  the  scale  of  Fishes,  480  ;  distribution 
of,  in  time,  484-4  86. 

Elasimidus,  477,  487. 

Elaphurus,  681. 

Elasmognathus,  667. 

Elateridce,  345. 


Electric  Eel,  465. 

Electric  Ray,  480. 

Elephant,  062,  (i92,  693,  694,  695. 

Elephant-slirew,  725. 

ElKphan,  093,  694,  699. 

Elk,  681. 

Elysiadce,  395. 

El.vti'a,  of  Aphrodite,  254 ;  of  Coleontera 

318,  344.  ' 
Emeu,  651,  556,  672,  674. 
Emydidai,  514. 
Emydium,  304. 
Emya,  513,  614. 
Enalimauria,.  538. 
Encephala  (Mollusca),  378,  386,  387. 
Eyicriwm,  211. 
Endocyst,  357. 
Endoderm,  100. 
Endopodite,  264. 
Endosarc,  61. 
Endostyle,  365. 
Enhydris,  704. 
Entonwphaga,  639. 

Entomostraca,  208;  characters  of,  276; 

divisions  of.  277. 
Entosolenia,  67. 
Entozoa,  214. 
Eocidaris,  191,  212. 
Eocystites,  211. 
Euphrynus,  310. 
Eosanrus,  538. 
Eoscorpius,  310. 
Eosphora.  237. 
Eotheriuin,  654. 
Eozoon,  72. 
Ephemeridce,  334. 
Ephyra,  35,  133. 
Epicrimii,  495. 

Epidermis  (of  the  shell  of  Mollusca),  352. 
Epimera,  262. 
Epipodite,  264. 

Epipodium,  388;  ot  Pteropoda,  399;  of 

Cephalopoda,  402. 
Episterna,  262. 
Epistome,  358. 
Epistylis,  88,  92. 
Epizoa,  267  ;  characters  of,  268. 
Equidm,  068,  686. 
Equus,  663,  669,  670. 
Erethizon,  714. 
Erichthyn,  2S9. 
Erinaccidoi,  724.  726. 
ErirMcevs,  723,  724. 
Ermine,  704. 

Errantia,  244;  characters  of,  252;  gem- 
mation of,  253 ;  development  of,  254  ; 
distribution  of,  in  time,  255. 

Eschscholtzia,  170. 

Esocidm,  466. 

Esperia,  85. 

Estheria,  280.  281. 

Eucharia,  170. 

Eudendrium,  112. 

Euglene,  93,  94 

Eunice,  243,  254. 

Eunicea,  254. 

Euplectella,  S3,  81. 

Euplexoptera,  333. 

Euplotes,  13. 

Euprobps,  297. 

Eupsammidoe,  156. 

Euryale,  197. 
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Eurypterida,  2S5  ;    distribution  of,  in 

time,  297. 
Euriipterm,  283,  297. 
Eur'ystomata,  170. 
Exuccetus,  450. 
Exopodite,  264. 
Extracrimis,  212. 

Facial  Snture  of  Tiilobites,  2S2. 

Falconidce,  606,  607. 

Fallow-deer,  6S0. 

Fan-coral,  161. 

Favosites,  153,  156. 

Feathers  (structure  oi"),  550-552. 

Featlier-stur,  202. 

Felidce,  618,  707,  710. 

Felis,  70S,  709. 

Femstella,  362. 

Ferce,  697. 

Ferret,  704. 

Field-bug,  332. 

Field-mouse,  715. 

Filaria,  232. 

File-fishes,  468. 

Filoplumse,  552. 

Finches,  699,  601. 

Fianer- whales,  658. 

Firolidce,  397. 

Fissilinguia,  525. 

Fission,  30,  32 ;  of  corals,  155. 

Fissirostres,  599,  603. 

Fmurellidce,  394. 

Flagella,  55.  93. 

Flagellata  (Infusoria),  SS,  93. 

Flamingo,  58.3. 

Flat-fishes,  456,  467,  480. 

Flea,  336. 

Flesh-fly,  338. 

Float  of  Physophoridce,  123. 

Floscularia,  234,  236. 

Flukes  (Suctorial  worms),  222,  223. 

Flustra,  12,  31,  355,  356,  359. 

Fly-catchers,  602. 

Flying  Dragon,  530. 

Flying  Fish,  450. 

Flying  Gurnard,  450. 

Flying  Lemur,  725. 

Flying  Phalanger,  638. 

Flying  Squirrel,  717. 

Food  of  animals  and  j)lants,  14. 

Food-vacuoles,  62,  90. 

Foot,  of  Rotifem,  234  ;  of  LamelUbran- 

chi'ata,  384 ;  of  Gasteropoda,  387 ;  of 

Meter opoda,  396  ;  of  Pteropoda,  399  ;  of 

Cephalopoda,  402. 
Foot-jaws,  of  Lobster,  265  ;  of  Centipedes, 

313. 

Foraminifera,  9,  31,  56,  64  ;  sarcode  of, 
64  ;  pseudopndia  of,  65  ;  test  of,  66,  67  ; 
unilocular  and  multilocular,  67  ;  stolons 
of,  ib.  ;  classification  of,  68  ;  affinities  of, 
68,  69,  70  ;  distribution  of,  in  si^ace  and 
time,  71,  72. 

Forest-bug,  332. 

Forest-fly,  338. 

Forficula,  319. 

Forficulidcp-,  333. 

Formica,  342,  343. 

Formicidce,  342. 

Fowl,  591. 

Fox,  706,  707. 

Fox-bats,  721. 


Francolinus,  591. 

Fratermla,  579. 

Fresh-water  Mussels,  385. 

Fresh-water  Shrimp,  287. 

Frigate-bird,  581. 

Frill-lizard,  529. 

Fringilla,  601. 

Fringillklce,  601. 

Fringing-reefs,  172,  173,  175. 

Frog,  490,  491,  498,  499,  602;  development 

of,  500,  501. 
Frugivora  (Bats),  719,  721. 
Fulgora,  331. 
FuUca,.  586. 
FuUgula,  582. 
Fidigulince,  582. 

Functions,  specialisation  of,  17  et  seq. 
FungidcB,  153,  155. 
Funiculus  ot  Polyzoa,  360.  361. 
Funnel,  of  Gtenophora,  168  ;  of  Cephalo- 
poda, 402. 
Furculum,  656. 
FusuUna,  72. 
Fusus,  395. 

Gad-fly,  338. 
Gadidfe,  467. 
Galago,  729. 
Galeocerdo,  487. 
Galeodes,  301,  306,  307. 
Galeopithecidce,  725. 
GaUojrithecus,  725,  726. 
Galestes,  628.  642. 
Galethylax,  710. 
Galicti-s,  703. 
Gall-flies,  341. 
Gallinacei,  590,  591. 
GalUncB,  589. 
Gallinulce,  586. 
Galliwasp,  527. 
Gallun,  590,  691. 
Gallyworm,  313. 
Gavimarus,  287. 
Gampsonyx,  297. 
Ganasidce,  305. 
Gannet,  564,  581. 
Ganodus,  487. 

Ganoid  scales  of  Fishes,  443,  444,  470. 
Ganoidei,  characters  of,  470-472  ;  divisions 
of,  472-475  ;  distribution  of,  in  time,  485. 
Garden-mites,  305. 
Gare-fowl,  579. 
Garrulince,  600. 

Gasteropoda,  350,  351,  378;  general  char- 
acters of,  387 ;  foot  of,  387 ;  odonto- 
phore  of,  388  ;  circulatory  and  respi- 
ratory organs  of,  389  ;  embryo  of,  .t91  ; 
shell  of,  391 ;  divisions  of,  393-397;  distri- 
bution of,  in  space  and  in  time,  397,  398. 

Gastrohranchus,  462. 

Gastrochcenidce,  386,  386. 

Gastrula,  86,  112. 

Gavial,  534,  536. 

Gavialis,  536. 

Gecarcim(,s,  295. 

Gecko,  530. 

Gedcotidce,  630. 

Geese,  582,  583. 

Gelasimus,  539. 

Gemitores,  590,  593. 

Gemmation,  continuous  and  discontinu- 
ous, 30-32;  internal,  33;  of  Foramini- 


784 


INDEX. 


/era,  67,  fS  ;  nrVorliceUa,  02  ;  oUIi/dra, 
lo6;  of  iiicdusirDviii  f,'i)iK)i)li()reH,  129;  of 
Nwidklat,  24!) ;  ol'Erraiit  Annelidcs,  W.i ; 
of  I'oli/zoa,  3H0  ;  of  Tunicata,  309. 

GLMiinniles  of  Sjmigi.Ua,  83. 

Generation,  sixnitaiK^ous,  41-45. 

Generations,  iiltornatiou  of,  33  ;  of  Sal- 
plans,  380. 

Genotte,  7t)o. 

GeocoHsa;  332. 

Geodia,  85. 

Geographical  di.'stribution.  49. 
Geological  distribution,  51. 
Geophilus,  313. 
Gcori/chus,  71". 
Geijfiyrea,  241,  242. 
Gerbillus,  715. 
Geryonidce,  128,  136. 
Giant  Clam,  386. 
Gibbon,  734,  735. 
GirafTe,  681. 

Gizzard,  of  Insects,  321 ;  of  Birds,  562. 
Glabella,  282. 

Gladius  (Cuttle-fishes),  407,  411. 
Glareola,  688. 
Glas.s-rope,  S3. 
Glass-shrimp,  289. 
Glass-snake,  526. 
GUres  (see  Rodcntia). 
Globe-fishes,  468. 
Globicephalus,  660. 
Globigerma,  66,  68,  71. 
GloMgp.rinida,  69. 
Gloineridce,  314. 
Glossotherium,  651. 
Glow-worm,  345. 
Glutton,  703. 
Glyptodon,  647,  650,  651. 
Glyptolcjns,  485. 
Gnat,  338. 
Goat,  684. 

Goat-sucker,  603,  604. 
Gobiidce,  468. 
Godwit,  588. 
Golden- eve,  582. 
Golden  Mole,  723. 
Gonangiuni,  114,  116. 
Goniaster,  193,  195,  211. 
Goniatites,  415,  419. 
Goniodiscus,  211. 
Goniophyllum,  165,  166. 
Gonoblastidia,  111,  115,  116. 
Gonocalyx,  structure  of,  108. 
Gonophores,  107  :  medusiform,  108,  l^O, 
no,  116,  117,  122,  124,  126,  127,  128,  129. 
Gonosome,  103. 
Gonotheca,  114,  116. 
Gopher,  715. 

Gordiacea,  214 ;  characters  of,  229. 
Gordius,  229. 

Gorgonidas,  167;  charactprs  of,  160:  dis- 
tribution of,  in  space,  171 ;  in  time,  176. 
Gorilla,  733,  734,  735. 
Gouridoe,  593. 
Graculavus,  583. 

Grallatores,  572;  characters  of,  584,  585; 

families  of,  585-589  ;  distribution  of,  in 

time,  589. 
Granatoc7'iniiS,  205. 
Grantia,  80,  85. 
Graplmlaria,  176. 
GraptoUtes,  137. 


GmptoUtidai,  characters  of,  136-138;  di- 

tribution  of,  in  time,  141,  142. 
Grasshoiijiers,  333. 
Gravigrada,  650. 
Great  Ant-eater,  647. 
Great  Armadillo,  647. 
Grebe,  580. 
Green  Lizard,  527. 
Green  Turtle,  514. 
Greenland  Whale,  656. 
Gregarlna,  56,  58. 

Grcgarinidoi,  56-58 ;  reproduction  of,  5v 

GriffithideH,  297. 

Grison,  703. 

Gromia,  64,  65. 

Grnmida,  69. 

Grosbeak,  601. 

Ground-beetles,  345. 

Ground-pigeons,  593. 

Grouse,  591. 

Growth,  5  ;  correlation  of,  22. 

Gruidce,  333. 

Gru%  586. 

GrylUdm,  586. 

Guard  of  Belemnite,  412. 

Guillemot,  578,  579. 

Guinea-fowl,  590,  591. 

Guinea-pig,  713. 

Guinea-worm,  232. 

Gull,  5Sn. 

Gulo,  703. 

Gurnard,  468. 

Guynia,  164,  171. 

Gyinnoblastic  Hydroids,  106,  107. 

Gyvmochroa,  104. 

Gymnodontidoe,  468. 

Gymnolcemata,  361. 

Gymnophiona,  493. 

Gymnophthahnata  (Medusidce),  109,  125, 

126,  136. 
Gywnosomata,  399. 
Gymnotus,  465,  466. 
Gymnura,  725. 
Gynophores,  124. 
Gypaetos,  607. 
Gypogeranidce,  606,  60S. 
Gypogeranus,  608. 
Gypsnrnis,  579. 
Gyracaiithus,  ^86. 
Gyrinidce,  345. 
Gyrocvras,  416. 

Haddock,  467. 
H(Kmatocriia,  440. 
Hceinatopvs,  588. 
Hcematotherma,  440. 
Hcemopsis,  247. 
Hag-fishes,  459,  460,  461,  462. 
naimeia,  156. 
Hair-worms,  229. 
Halcyornis,  605. 
Halibnt,  467. 
Halichondria,  82,  85. 
Halicore.  652,  653,  654. 
nalinmvia,  74. 
Haliotidce,  394. 
Halimrm,  81. 
Ealitherium.,  620.  652,  654. 
Halteres,  319,  337. 
Halysites,  156. 
Bamiten,  418,  419. 
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Hapale,  730. 

Hapaiid(e,  730. 

Haplophyllia.  164,  171. 

Hares,  712,  713. 

Harlequin-snakes,  521. 

Harpagornis,  COS. 

Haitea,  156. 

Harvest-men,  305. 

Harvest-ticks,  305. 

Hatteria,  531,  532. 

Haustellata,  267,  268  (see  Epizoa). 

Hawks,  607. 

Hawk's-bill  Turtle,  614. 

Heart-urchins,  190. 

Hectocotylus,  405,  406. 

Hedgehog,  723. 

Helarctos,  702. 

Helianthoid  Polypes,  145. 

Helicidce,  397. 

Heliolites,  162,  163,  176. 

Heliophylluin,  166. 

Heliopora,  161,  162,  171. 

Helioporidce,  157,  161,  176. 

Heliozoa,  73,  76. 

Helladothermm,  6S2,  680. 

Helminthites,  255. 

Heloderma,  528. 

Heraelytra,  319,  331. 

Hemimetabola  (Iiisecta),  324,  330. 

Hemiptera,  319,  321 ;  characters  of,  330  ; 

divisions,  331,  332, 
Hemerobiidce,  334. 
Heptatrema,  462. 
Hermit-crab,  293. 
Heron,  587. 
Herpestes,  705. 
Herring,  466. 
Hesperornis,  609,  610. 
Hessian  Fly,  338. 
Heterocera,  339. 
Heterocercal  tail  of  Fishes,  452. 
Heterogeny,  43. 
Heteromastix,  93,  94. 
Heteromera,  345. 
Heteronereis,  254. 
Heterophagi,  566. 

Heteropoda,  3S9,  393 ;  characters  of,  396 ; 
shell  of,  ib. ;  divisions  of,  397 ;  distri- 
bution of,  in  time,  398. 

Heteroptera,  331. 

Hexactinellidce,  82. 

Hexaprotodoii,  686. 

Hexarthra,  236. 

Himantoijus,  588. 

Hipparion,  669,  670. 

HippoboscidcB,  338. 

Hippommpidce,  469. 

Hippocrepian  Polyzoa,  358,  375. 

Hippopotamidce,  670,  671,  686. 

Hqypojxjtam.us,  671,  686. 

Hippuritidm,  385,  386. 

Hirudinea,  243;  general  characters  of, 
?45-248. 

Hirundinidce,  603. 

Holocepliali,  477,  487. 

nolocyafi.1,  166,  175. 

Ilolametabola  (Fnsecta)  324,  325,  336. 

Holoptychnis,  485. 

Holopus,  201,  209. 

Holostomoia  (GasterojKda),  393,  394,  398. 
Holothuria,  207,  209. 

Holothuroidea,  182,  183;  characters  of, 
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206   sub-orders  of,  209;  distribution  of 

in  space,  210 ;  in  time,  212. 
Holtenia,  83. 
Hoinarus,  263,  291. 
Homo,  736. 

Honiocercal  tails  of  Fishes,  451,  403. 

Homology,  21  ;  serial,  ii). 

Homomorphism,  21. 

Homoptcra,  331. 

Honey-badger,  703. 

Honey-beai-,  702. 

Honey-eater,  602,  603. 

Honey-guide,  596. 

Hooded  Snake,  521. 

Hoopoe,  602. 

Hoplocephalus,  521. 

Hormiphora,  170. 

Horn-bill.  599,  600. 

Horned  Ray,  480. 

Horned  Viper,  621. 

Hornet,  342. 

Horse,  619,  621,  668,  669. 
Horse-mussel,  385. 
Horse-shoe  Crabs,  2S3. 
House-fly,  338. 
Howling  Monkey,  731. 
Humming-birds,  600,  602. 
Hump-backed  Whales,  658. 
Hunting-dog,  707. 
Hycena,  706,  710. 
Hycenidoe,  705,  710. 
Hyalea,  399,  400. 
Hyalonema,  83. 
Hybodus,  478. 
Hydatids,  220,  221. 
Hydatina,  236. 

Hydra,  32,  33,  100, 101  ;  structure  of,  104, 
105;  reproduction  of,  106;  thread-cells 
of,  101;  development  of,  106;  distribu- 
tion of,  141. 

Hydrachna,  304. 

Hydrachnidce,  305. 

Hydractinia,  gonophores  of,  34,  108,  111, 
114. 

Hydra-tuba,  35,  132,  133. 
Hydrida,  104. 
Hydrocaulus,  114. 
Hydrocltcerus,  713. 
Hydrocorallince,  134,  141,  142. 
Hydrocorisce,  332. 
Hydrocysts,  124. 
Hydroecium,  122. 

Hydroid  Zoophytes  (see  Hydroida). 

Hydroida,  characters  and  divisions  of, 
104;  reproduction  of,  107-112;  distin- 
guished from  Polyzoa,  354,  355. 

Hydromatra,  332. 

Hydrophidce,  519,  521. 

Uydrophilidce,  345. 

Hydrophyllia,  121,  122. 

Ilydropotes,  679,  681. 

Hydrorhiza,  103,  104. 

Hydromurus,  528. 

Hydrosoma,  102. 

Hydrotheca,  114. 

Hydrozoa,  99;  characters  of,  101 ;  termin- 
ology of,  102;  divisions  of,  104;  repro- 
duction of,  106,  107;  Oceanic,  119  ;  dis- 
tribution of,  in  space  and  time,  141. 

Hyla.  490,  602. 

Hylidce,  502. 

Hylobates,  734. 

D 
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iri/lndes,  480,  501. 

Hymemcan's,  297. 

Jlymenoptera,  328,  327,  340. 

Ilyocrinus,  202. 

liyoid  ftvcli  (Fislies),  447,  448. 

Ilijperodapedon,  532. 

Ili/pcroodoii, 

IJijpoclUhon,  495.  i 
Ili/ponome,  204. 
Hypostome  of  Trilobites,  281. 
Ilypsipnjmims,  036,  637. 
Hyracoidea,  geiieial  characters  of,  691. 
Ilyrax,  016,  691,  092. 
Hyatricidai,  713,  717. 
llystrix,  713. 

Ibis,  587. 
Ichneumon,  705. 
Ickneumonidce,  341.^ 
Ichtliyodorulites,  466,  477,  486. 
1  chthi/omorpha,  495. 
Ichthyojjidhira,  267,  209. 
Ichthyopsida,  441. 

Ichthyopterygia,  510;  characters  of,  537. 

Ichthyornis,  549,  610,  611. 

Ichthyomuria,  537. 

Ichthyosaurus,  538,  539. 

Ictitherium,  710. 

Jdothea,  289. 

Idyia,  170. 

Iguana,  524.  528,  529. 

Iguanidce,  528. 

Iguanodon,  545. 

Ilyanthidce,  147. 

Ilyantlius,  148,  171. 

Imago,  324,  326. 

Imperforata  {Foraminiferd),  64.  69. 
Implacentalia  (Mammalia),  628. 
Inarticulata  (Brachiopoda),  375,  376. 
Indicator,  596. 

Individuality,  general  definition  of,  32. 

Infusoria,  spontaneous  generation  of,  42, 
44;  characters  of,  87;  divisions  of.  88; 
Ciliated,  i&.;  Suctorial,  92  ;  Flagellate, 
93  ;  compared  with  Rotifera,  237. 

7nia,  660. 

Inoperculata,  397. 

Inorganic  and  organic  matter,  differences 
between,  2-4. 

Insecta,  259  ;  general  characters  of,  316 
s^g.  ;  organs  of  the  mouth  of,  319 ; 
wings  of,  318  ;  digestive  sj'stem  of,  321 ; 
trachese  of,  323;  circulation  of,  322;  me- 
tamorphoses of,  324 ;  parthenogenesis 
of,  36  et  seq.;  sexes  of,  326;  orders  of, 
327  et  seq.  ;  distribution  of,  in  time,  327. 

Insectivora,  722  ;  general  characters  of, 
ib. ;  families  of,  722-736 ;  distribution 
of,  in  time,  726  ;  (Bats),  719. 

Insessores,  572 ;  cliaracters  of,  598 ;  sec- 
tions of,  599. 

Integro-pallialia,  383,  385. 

Inuus,  732. 

Invertehrata,  general  characters  of,  425, 

426. 
Irish  Elk,  680. 

Irregular  Echinoids,  188,  190. 
Ischiodus,  477,  487. 
Isis,  150,  160,  176. 

Isopoda,<2GS,  286  ;  characters  of,  287  ;  de- 
velopment of,  289 ;  distribution  of,  in 
time,  297. 


Itch-Tnite,  804,  805. 
Julidoi,  313. 
JuluH,  21,  313,  314. 
JxiHlef,  305. 
IxodidoB,  305. 

Jacana,  586. 
Jackals,  706,  707. 
Jaguar,  709. 

Jelly-fishes,  101;  urticating  powers  of 
126 ;  nature  of,  127  ;  former  classifica- 
tion of,  125. 

Jerboa,  716. 

Jum]iiiig-hare,  716. 

Jumping-mouse,  716. 

Kakapo,  596. 

Kangaroo,  633,  636,  637,  643. 
Kangaroo-bear,  738. 
Kangaroo-rat,  636,  687,  642. 
Keratode,  78. 

Ecratosa  (Sponges),  82,  85. 
Keyhole  Limjiets,  394. 
King-crabs,  283,  284,  285. 
Kingfishers,  603,  604. 
King  Vulture,  608. 
Kinkajou,  702. 
Kiwi,  574. 
Koala,  638. 
Koleops,  228. 
Koodoo,  683. 

Labium,  of  Lobster.  266;  of  A  rachnida, 
300 ;  of  Myriapuda,  313  ;  of  Insecta, 
319. 

Labrum,  of  Lobster,  266 ;  of  Trilobites, 
281 ;  of  Scorpion,  300  ;  of  Insecta,  319. 
Lahyrinthodon,  503,  504. 
Labyrinthodontia,  492,  502,  503,  504. 
Lacerta,  527. 
Lacertidce,  527. 

Lacertilia,  510  ;  general  characters  of, 
523  ;  families  of,  525-532  ;  distributiun 
of,  in  time,  532. 

Lady-birds,  345. 

Lcemodipoda,  268  ;  characters  of,  250. 

Lagena,  67. 

Lageiiida,  69. 

Lagidium,  714. 

Lagomydce,  713,  717. 

Lagomys,  713. 

Lagopus,  591. 

Lagostomus,  714. 

Lamellibranchiata,  349,  .')50,  351  ;  general 
characters  of,  378  ;  shells  of.  379  ;  diges- 
tive system  of,  382  ;  circulatory  system 
of,  382  ;  mantle  of,  381  ;  branchise  of, 
382  ;  reproduction  of,  384  ;  muscles  of, 
ib.  ;  habits  of,  385  ;  divisions  of,  3S5, 
386  ;  distribution  of.  in  time,  ib. 

Lamellicorn  Beetles,  345. 

Lamellirostrcs,  581. 

Lammergej'er,  607. 

Lamprey,  454,  459,  460,  461,  462. 

Lamp-shells,  370. 

Lainpyris,  345. 

Lanceiet,  444,  452,  454,  457 ;  anatomy  of, 

458,  459. 
Land-crabs,  295. 
Land-tortoises.  514. 
Land-salamanders,  497,  498. 
Laniidce,  602. 
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Lnntern-fly,  331. 
Laomulea,  119. 
Laornis,  583. 
Laridce,  580. 
Lark,  599. 

Larva,  of  Echinodermata,  182,  183  ;  of 
Echinoideo,,  190 ;  of  Asteroidea,  194, 
195  ;  of  Ophiuroidea,  197;  of  Crmoidea, 
198,  2i)3 ;  of  Holothuroidea,  207 ;  of 
Tceniada,  217-222  ;  of  Trematoda,  223  ; 
of  Nemertida,  226;  of  Acanthncephula, 
229 ;  of  Gordiacea,  ib.  ;  of  Gephyrea, 
242  ;  of  Tubicola,  250 ;  of  Ermntia, 
254  ;  of  Ichthyophtliira,  269  ;  of  Rhizo- 
cephala,  271;  of  Cirripedia,  272;  of 
Ostracoda,  277 ;  of  Copcpoda,  278  ;  of 
Cladocera,  279  ;  of  Phyllopoda,  280  ;  of 
Limidus,  285;  of  Macrura,  290;  of 
Brachyura,  295;  of  i¥y)'ia^otZa,  312;  of 
Insecta,  324.  325  ;  of ' Polyzoa,  361 ;  of 
Timicata,  366  -  368  ;  of  Brachiopoda, 
375  ;  of  LamellibrancMata,  384  ;  of 
Gasteropoda,  391 ;  of  Aini)hibians,  489- 
492,  500. 

Latisternal  Apes,  733. 

Laurillardia,  604. 

Leathery  Turtle,  514. 

Leech,  245  se^. 

Lemming,  715. 

Levuiravidce,  735. 

Lemuravus,  735. 

LemuridcB,  729. 

Leopard,  709. 

LepadidcB,  267,  272,  276;  characters  of, 
274  ;  distribution  of,  in  time,  297. 

iejjffs,  272,  273,  274. 

Lepidechinm,  191,  212. 

Lepidogamidei,  472,  485. 

Lepidopleuridce,  472. 

Lepidoptera,  319.  323,  326,  327;  mouth 
of,  320;  characters  of,  338. 

Lepidosircn,  454,  456,  473,  481,  482,  483 ; 
characters  of,  481,  482. 

Lepidosteidce,  472. 

Lepidosteus.  444,  469,  470,  472,  473. 

Lepidota  (see  Dipnoi). 

Lepidurus,  281. 

Lepisma,  330. 

Leporidce,  712,  717. 

LeptidcB,  305. 

Leptocardia  (see  Pharyngobranchii). 

Leptoglossa,  525. 

Lepus,  713. 

Lerncea,  41,  269. 

Lenkia,  188. 

Lestosaurus,  533. 

Lesueuria,  170. 

Libellula,  318. 

Libellulidce,  334. 

Lieberkilhnia,  70. 

Life,  nature  and  conditions  of,  6-11. 
1  ii'g'ia,  289. 

Ligula,  320. 

Limacidce,  397. 

Limacina,  392. 

Limacinidce,  399. 
I  Limapontia,  395. 
i  Limax,  354,  397. 
I  Limicoloe,  248. 
I  lAmnadia,  39,  280. 
\  Limiicea.  398. 

Limnceidce,  397. 


Limnoria,  288 
Limnotheridce,  735. 
Limosa,  588. 
Limpet,  394. 

Limulus,  283,  284,  285,  297. 

Lingua  (Insects),  320. 

Lingual  Ribbon  (see  Odontophore). 

Linguatulina,  303. 

Lingula,  370,  371,  372,  375,  377. 

Lingulidce,  377. 

Linnets,  601. 

Lion,  708. 

Lithistidce,  S3. 

Lithobius,  311,  313. 

IJthocysts,  130. 

Lithodomufi.  385. 

Lithornis,  608. 

Lithostrotion,  166. 

Littorina,  394. 

Littoriniace,  394. 

Lituites,  416. 

Lituolida,  69. 

Liver-fluke,  223.  ^ 
Living  bodies,  characters  of.  4-6. 
Lizards,  498,  507,  523,  524,  525. 
Llama,  677,  678,  686. 

Lobster,  morphology  of,  262     86(7. ;  gen- 
eral anatomy  of,  292  scf/. 
Lob  worm,  254,  255. 

Locnli,  of  shell  of  Foraminifcra,  64 ;  of 

Corals,  152. 
Locustidce,  333. 
Locust-shrimp,  289. 
Loggerhead  Turtle,  614. 
Loligo,  410,  411. 
Longicornia,  345. 
Longipennatce,  680. 
Longirostren,  588 
Lonsdaleia,  155,  166. 
Loon,  580. 
Lophiidce,  468. 
Lophiodon,  685. 
Lophius,  449. 
Lophobranchii,  468. 
Lophopea,  361. 
Lophophore,  358,  366. 
Lophopsittacus,  507. 
Lophopus,  357,  359. 
Lophortyx,  591. 
Lophotragus,  679. 
Lophyropoda,  268,  277. 
Loricata,  508. 
Lorikeet,  596. 
Z/oris,  728,  729. 
Lorius,  596. 
Louse,  328. 
Love-bird,  596. 
Loxiadce,  601. 
Loxosoma,  361. 
Liwernaria,  130,  131. 
Lucernariadce,  130. 

Lucernarida,  35,  104;  general  characters 
of,  129;  umbrella  of,  130,  134;  divisions 
of,  130  ;  development  of,  132, 133  ;  struc- 
ture of  reproductive  zooids  of,  134,  135. 

Lxicinidce,  385,  386. 

Luidia,  192,  211. 

Lumbricidce,  247. 

Lumhricus,  248. 

Lutra,  704,  705. 

Lycaon,  707. 

Lycosaurus,  546. 
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Li/ncus,  709. 
Lynx,  709. 

Macacus,  732. 
Jlaciiw,  59(5. 
Mace  Undo  n,  533. 
Machairodiis,  710,  711. 
Miichctas,  r)S8. 
Mackei'ol,  4(iS. 
Maciwrea,  398. 
Macrauehenia,  61)8. 
Macrobiotidce;  304. 
Maofodactyll,  585. 
Macropodidce,  63(1,  043. 
Mncropus,  635. 
Macruscelidce,  725. 
Macroscelides,  725. 
Macrospondylus,  537. 
Macrotherium,  649. 

Macrura,  208  ;  cliaracters  of,  290  scg. 
Mactridce,  385,  386. 
Madreporidce,  156. 

Maflreporifomi  tubercle,  of  Eclilnnidea, 
186  ;  of  Asteroidea,  192  ;  of  Ophiuroi- 
dea,  196  ;  of  Uolotlmroidea,  208. 

Jl/a/a,  294. 

Blalacodermata  {Zoantharia),  145,  171. 
Malacopteri,  465. 
Malacopterygii,  457,  463. 
Malacostraca,  2(i8,  286. 
Malapterurus,  466. 
Mallard,  582. 
Mallophaga,  329. 

Malpighlan  tubes,  of  Insects,  321,  322. 

Mammalia,  439,  440,  441 ;  general  cliarac- 
ters of,  614;  osteology  of,615e«sfig'.;  teeth 
of,  622  seg.  ;  digestive  system  of,  624  ; 
circulatory  system  of,  i6.  ;  respiratory 
system  of,  i?).  ;  nervous  system  of,  626  ; 
reproductive  system  of,  625 ;  integu- 
mentary system  of,  626 ;  primary  divi- 
sions of,  628  ;  orders  of,  630  et  seq. ;  dis- 
tribution of,  in  time,  627  et  seq. 

Mammoth,  696,  697. 

Manatee.  615,  652,  653. 

Manatidce,  658. 

Manatxis,  615,  652,  653,  654. 

Mandibles,  of  Lobster,  266;  Arachnida, 
300,  301 ;  of  Myriapoda,  313 ;  oi Insecta, 
319;  of  Cep/iaiqpoda,  403,  414 ;  of  Verte- 
brates, 432. 

Mandrill,  733. 

Jlangue,  705. 

Manidce,  648,  649 

Manis,  622,  626,  644,  615,  649. 

Mantis,  333. 

Mantle,  of  ymucftte,  364  ;  ot £rachio}]oda, 
372  ;  of  Laimllibranchiata,  381 ;  of  Gas- 
teropoda, 387  ;  of  Ce]jhalo2)oda,  401 ;  of 
Nautilus,  414. 

Manubrium,  108,  109,  110,  117,  127,  134. 

Marabout,  588. 

Mareca,  582. 

Marginal  bodies,  of  Medusai,  127,  130 ;  of 

Lucernarida,  130. 
Marmoset,  730. 
Marmot,  717. 

Marsipohrancliii,  general  characters  of, 
459  ;  families  of,  462  ;  distribution  of,  in 
time,  485. 

Marsupial  bones,  620,  630. 

Marsupialia,  620,  021,  625,  626,  627,  628, 


620 ;  general  characters  of,  633  ;  fami- 
lies of,  634  et  neq. ;  distribution  of,  iu 
space,  633  ;  in  time,  640  et  iseq 

MarsupitCH,  211. 

Marten.s,  704. 

Martins,  603. 

Mfistax,  234. 

Mastodon,  692,  695,  696. 

Maxilla;,  of  Lobster,  266;  of  Arachnida 
300  ;  otinsecta,  319,  320. 

Ma.\illipedes,  of  Lobster,  266 ;  of  Centi- 
pedes, 313. 

May-flies,  334. 

Mazonia,  310. 

Meandrina.  155. 

Measles,  of  Pig,  220;  of  Ox,  ft. 

Medundm,  125  ;  structure  of,  120,  127- 
exact  nature  of,  127,  128.  ' 

Megacerops,  667. 

Megaceros,  680. 

Megacheiroptera.  721. 

Megaderma,  720,  721. 

Megalonyx,  650. 

Megalosaurus,  545. 

Megalotrocha,  234. 

Megapodidce,  592. 

Megajytera,  658. 

Megatherium,  650. 

Melania,  398. 

Melania,d(B,  391,  398. 

MeleagrincB,  591. 

Melea'gris,  597,  594. 

Meles,  703. 

Melicerta,  233,  235,  236. 
Melidce,  703. 
Meliphagidoi,  602. 
Mellivora,  703. 
Melolontha,  344. 
Melonites,  191,  212. 
Melursus,  702. 

Membrana  nictitans  (of  Birds),  566 ;  (of 

Mammals),  587,  626. 
Menobranchus,  492,  495. 
Menopoma,  495,  497,  504. 
Mentuni,  319. 
Mephiti,%  704. 
Mergulus,  579. 
Meriones,  716. 
Meropidce,  604. 

Merostomata,  262,  268 ;  characters  and 

divisions  of,  283. 
Merulidce,  602. 

Mesenteries  (of  Actinozoa),  99,  142,  14S, 

145,  147,  152,  156,  166,  169. 
Mesohippxis,  670. 
Mesoplodon,  661. 
Mesopodium,  387,  396. 
Mesothorax,  317. 

Metamorphosis,  40  ;'  of  Myriapoda,  31.5 : 
of  Insecta.  324  ;  incomplete,  324 ;  com- 
plete, 325. 

Metapodium,  387,  388,  396,  399. 

Metasoma,  401. 

Metaston-.a,  of  Lobster,  266  ;  otEuryptcr- 

ida,  285. 
Metathorax,  317. 
Metriophyllxim,  166,  175. 
Mice,  717. 

Microcheiroptera,  719. 
Microconchus,  255. 
Microgromia,  68. 
Microlestes,  627,  641. 
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Midge,  838. 
Miliola,  66. 
MiUoUda,  69. 

Millepora.  138,  139,  140,  141,  155,  166. 

MiUeporidce,  175. 

Millipedes,  313,  314. 

Mimicry,  22. 

Minnow,  466. 

Mi  ay  as,  171. 

Miobasileus,  667. 

Miohippiis,  669,  670. 

Mites,  303,  304. 

Mnemia.  170. 

Moa,  577. 

Modeeria,  128. 

Mole,  722. 

Mole-cricket,  333. 

Mole-rat,  717. 

Molqula,  363,  366. 

Mollusca,  19  ;  general  characters  of,  349- 
353 ;  digestive  system  of,  349 ;  circula- 
tory system  of,  350  ;  respiratory  organs 
of,  ib. ;  nervous  system  of,  351 ;  sense- 
organs  of,  ih. ;  reproduction  of,  ib.  ; 
shell  of,  ib.  at  seq.  ;  divisions  of,  353. 

Mollusca  Proper,  353  ;  characters  of,  378; 
divisions  of,  ib. 

Molluscoida,  353 ;  characters  and  divisions 
of,  354  et  seq. 

Moloch,  529. 

Molothrus,  595. 

Molpadia,  209. 

Momohts,  604. 

Monads,  42,  43,  44,  93,  94. 

Monera,  characters  of,  59,  60. 

Monitor,  525,  528. 

Monkeys  (see  Quadrumana). 

Monocystidea,  57. 

Monodelphia,  529. 

Monodon,  660. 

Monograptus,  137. 

Monomerosomata,  303. 

Monomyaria,  384. 

Monothalamia,  67. 

Monotremata,  616,  618,  621,  625,  628,  629; 
general  characters  of,  630  ;  distribution 
of,  in  space,  631 ;  in  time,  632. 

Mopsea,  160,  176. 

Moropus,  650. 

Morotherium,  649. 

Morphology,  16. 

Morrhua,  447. 

Morse,  700. 

MosasauridcB,  533,  534. 

Mosasaurus.  533. 

Moschidce,  678,  681. 

Moschus,  678,  679,  681. 

Mosquitoes,  338. 

Motacillince,  602. 

Mother-of-pearl,  352. 

Moths,  325,  338,  339,  340. 

Jlotmots,  604. 

Moufflon,  684. 

Mound-birds,  592. 

Moving  filaments  of  Necdham,  405. 

Mud-eel,  496. 

Mud-fish,  454,  465,  473,  481. 
Mud-turtles,  614. 
Mud-worms,  248. 
Mugilidce,  468. 
Mullet,  468. 

Multivalve  shelLs,  352,  387,  393. 


Muntjak,  681. 
Murcenidce,  465. 
Miiricidce,  394. 
Mar  idee,  717. 
Mas,  717. 
Muscicapidce,  602. 
Muscidce,  338. 
Musk-deer,  679,  681. 
Musk-ox,  685. 
Musk-rat,  724. 
MusophayidcB,  595,  598. 
Mussel,  384,  385. 
Mustela,  704. 
Mustelidce,  704. 
3hitilata,  651. 
Mya,  381,  382,  385. 
Myacidce,  385,  386. 
Mycetes,  731. 
Mycteria,  588. 
Mydaus,  704. 
Mygalidce,  309. 
Myliobatis,  480. 
Mylodon,  650. 
Myodes,  715. 
Myogale,  724. 
MyopotamxLS,  714. 
Mynxidce,  716,  717. 
Myoxus,  716. 

Myriapoda,  250,  258  ;  general  characters 
of,  310-313  ;  development  of,  312  ;  dis- 
tribution of,  in  time,  316. 

Myrmecobius,  627,  640,  641. 

Myrmecophaga,  022,  624. 

MyrmecophagidoB,  647. 

Myrmeleontidce,  334. 

Myrmica,  343. 

My  sis,  289. 

Mytilidoi,  385. 

Mytilus,  385. 

Myxine,  460,  461,  462. 

Myxinidce,  459,  462. 

Myxinoids,  456. 

Myxobrachia,  74. 

Myxodictyon,  59. 

MyxospongioB,  81,  85. 

Nacreous  shells,  352. 
Naididce,  248,  249. 
Nais,  249. 
Naja,  519,  520,  521. 
Narwhal,  659,  660. 
Nasua,  702. 

Natatorcs,  572;  general  characters  of,  577; 

families  of,  578-583 ;  distribution  of,  in 

time,  583,  584. 
Naticidce,  394. 
Natural  selection,  49. 
Nauplius,  270. 
Nautilidce,  415,  416,  418. 
Nautiloid  For  a  mini f era,  68. 
Nautilus  (Pearly),  401.  402,  403,  408,  413, 

414,  416,  418. 
Nebalia,  280,  281. 
JSI  ecrophorus,  345. 

Nectocalyces,  120 ;  structure  of,  121 ;  in 
Calyco'phoridce,  120  ;  in  Medusida',  126  ; 
distinguished  from  the  umbrella  of  the 
Lucernarida,  130. 

Nectosac,  126. 

Needham,  moving  filameiits  of,  405. 
Nemalelmia,  214  ;  characters  of,  227. 
Nematocysts,  100. 
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Nonatoda,  214,  215;  chnrneters  of,  229; 

panisitio  tonus  of,  2;iO-2;i2 ;  free  'forms 

of,  2:i2. 
Noinatophores,  116, 117. 
Ncmertea,  226. 

A'emertida,  2\5,  224;  olmracter.s  of,  225; 

devclo])inont  of,  220. 
Neolimulm,  2i)7. 
Neophron,  (i07. 
Nepa,  mi,  ;-j32. 
Nephthi/s,  255. 
NereidcB,  264. 
Nereidea,  251. 
Nereis,  253  ,  254. 
Neritidce,  394,  39S. 
Nei  vures,  318. 
Nesodon,  691. 
Nestor,  597. 

Neuroiiodium,  243,  252. 
Neiiroptera,  333,  334. 
Newts,  497,  498. 
Nidamental  ribbon,  351. 
Night  Heron,  587. 
Noctilionidae,  719,  720. 
Noctiluca,  94. 
Nodosaria,  66,  68. 
Nonionina,  65. 
Nothosaurus,  540. 
Notidanus,  487. 
Notochord,  428. 
Notommatina,  336. 
Notonecta,  332. 
Notopodium,  243,  252. 
Notornis,  586. 
Nototrerna,  491. 

Nucleohranchiata  (see  Heto'opoda). 
Nucleolus  of  Parammchim,  90. 
Nucleus,  of  Protozoa,  55 ;  of  Gregarina, 

56;  of  ^mcB&ft,  61;  of /?iA'sona,  88,  89 ; 

of  Vorticella,  91  ;  of  the  shell  of  il/oZ- 

lusca,  352. 

N udihranchiata,  889;  characters  of,  395, 
396. 

Numenius,  588. 
Nvmida,  591. 
Nummulites,  68,  72,  73. 
Numniulitic  limestone,  73. 
N ummulitidea,  70. 
Nuthetes,  533. 
Nycteridce,  720. 
Nycteris,  720. 
Nycticebidce,  728. 
Nycticehus,  729. 
Nycticorax,  587. 
Nyctipitheeus,  731. 
Nyinph,  324. 
Nymphon,  303. 

Oceanic  Hydrozoa,  119,  120  ;  divisions  of, 
120  ei       ;  distribution  of,  in  space,  141. 

Ocelli,  of  Medusir,  127;  of  Echinoidea, 
186  ;  of  Asteroidea.  173  ;  of  Planarida, 
225;  of  iJo<^ye»-a,  236  ;  of  ^  wieZirfrt,  244; 
of  Chcetognatha,  257  ;  of  Limulus,  283  ; 
of  Arachnida.  302  ;  of  Myriapoda,  312  ; 
of  Insecta,  323  ;  of  Tunicata,  366  ;  of 
Lamellihranchiata,  383  ;  of  Gastero- 
2)oda,  3S8. 

Ocfodnn,  714. 

Octodontidce,  714,  717. 

OctoiMda,  409. 

Ocioporfidte,  409,  410.  . 


Octopus,  405,  406,  417, 

Ocuiinidiii,  155. 

Ocydromus,  589. 

Ocypoda,  295. 

Odontaspis,  487. 

Odonlocuti,  655,  658,  661. 

Odontolcm,  609. 

Odontophora,  378,  887. 

Odontoi>hore,  388,  3S9,  394,  399,  403. 

Odont.oj)tfir!ix,  560,  583,  584. 

Odontornithes,  560,  571,  609. 

Odontotormoi,  Oil. 

a<]dicnemuH,  588. 

aidipoda,  333. 

Oidemia,  6tt2. 

Oldhamia,  141,  362. 

Oligochmta,  247,  248,  249. 

Oligoporus,  191,  212. 

Omnivora  (Ungulata),  671. 

Omphymo.,  166. 

Onager,  669. 

Onchuna,  269. 

Onclms,  486. 

Oncidiadce,  397,  808. 

Oncinolabidce,  209. 

Oniscus,  288. 

Ontogenesis,  20. 

Onycho2)hora,  313,  314,  310. 

Onychoteuthis,  402,  417. 

Oocyst,  358. 

Operculata,  397,  398. 

Operculum,  of  Balanidoe,  27i  ;  of  Gastero- 
poda, 388  ;  of  Fishes,  446. 
Ophiderpeton,  503. 

Ophidia,  510;  general  characters  of,  515 
e«  se*?. ;  divisions  of,  520 ;  distribution 
of,  in  time,  522. 

Ojyhidobatrachia,  493. 

O'phiocoina,  197,  212. 

Ophioderma,  212. 

Ophioleins,  212. 

Ophiomorpha,  493. 

OpMsaurus.  526. 

Ophiura,  197. 

Ophiuridm,  197. 

Ophiuroidea,  183,  195  ;  general  character.^ 
of,  i&.  ;  families  of,  197  ;  distribution  of, 
in  space,  210  ;  in  time,  212. 

Opistliobranchiata,  393,  394,  395. 

Opisthoccelia  (Crocodilia),  536,  537. 

Opossum,  638,  639. 

Opossum-shrimp,  2R9. 

Orang-outang,  734,  735. 

Orbitoides,  73. 

Orbitolif.es,  68. 

Orbitulitidea,  69. 

Orcella,  660. 

Oreaster,  211. 

Oreastridce,  195. 

Oreodon.  686. 

Organ  of  Bojanus,  374,  383. 

Organ-pipe  Corals,  157. 

Organic  and  inorganic  matter,  differences 

between,  2-4. 
Organs  of  the  mouth  of  Insects,  319  se*/. 
Oribatidw,  305. 
Oriole,  602. 

Ornithodelphia,  629,  630. 
OrnitlwrhyncMts,  622,  626,  629,  630,  631, 
632. 

Ornithosauria,  541 ,  543. 
Orohippus,  669,  670,  686. 
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Orlhoceras,  416,  419. 
Orthocemtidte,  418. 
Orthoptem,  319,3-27,  832. 
Ortonia,  255. 
OHi/x,  691. 
Oriicteropidce,  649. 
Ori/cteropm,  645,  649, 
Oscula,  of  Sponges,  78,  80  ;  of  Tapeworm, 
219. 

Osteolepis,  471,  4S5. 
Ostraeiontidce,  468. 

Ostracoda,  263 ;  characters  of,  277 ;  dis- 
tribution of,  in  time,  207. 
Ostracostei,  473,  474,  485. 
Ostrea,  385. 
Ostreidce,  385. 

Ostricli,  551,  555,  556,  558,  559,  560,  564, 

572,  573. 
Ostrich  (American),  574. 
Otariadce,  699,  700. 
Otidce,  588. 
Otter,  704. 
Oudenodon,  541. 
Ounce,  709. 

Ovarian  vesicles  of  Sertularida,  115,  116. 
Ovibos,  685. 
Ovicells  (Pob/zoa),  358. 
Ovidce,  682,  683,  6S7. 
Ovipositor,  319,  340,  341. 
Ovis,  684. 
OvuUtidea,  69. 
Owls,  605,  606. 
Oxen,  684. 
Oxyuris,  230,  231. 

Paca,  713. 
Pachycardia,  457. 
Pachydermata,  602. 
Pachyylossa,  525. 
PadfUe-fish,  473. 
Paguridce,  293. 
Pagurus,  293. 
Palwaster,  211. 
Pcdrechinus,  191. 
Palceichthyes,  484.  > 
Palceocastor,  718. 
Palceocoryne,  141. 
Palseocrinoids,  204. 
Palaodiscus,  211. 
Palceogithahis,  604. 
Palceonyctis,  710. 
PalceophU,  522,  623. 
Palceortyx,  594. 
Palceosiren,  504. 
Palceotheridce,  667,  686.  ' 
Palaiothermm,  668. 
Palwotringa,  589. 
Palaviedea,  586. 
Palapteryx,  575. 
Pallial  liile,  381,  383,38.5. 
Pallial  .sinus.  383. 
Palliobranchiaf.a,  370. 
Pallium  (see  Mantle). 
Palmipedes,  677. 
Paludicella,  359. 
Paludina,  398. 
Paludinidce,  394,  398. 
Palythoa,  149. 
Pamphagus,  64. 
Panda,  703. 
Pangolin,  648. 
Panorjiidce,  334. 


Pansperray,  43. 

Panther,  709. 

J^antopuda,  302. 

Paper  Nautilus  (see  Argonaut). 

Papio,  733. 

Paradiseidce,  600. 

Paradoxurus,  705. 

Paramceciu'in,  88  ;  structure  of,  89,  90  ; 

reproduction  of,  t&. 
Paramuricea,  165. 
Parapodia,  243. 
Paridce,  602. 
Parkeria,  72. 
Parra,  586. 
Parrakeets,  596. 
Parrots,  556,  560,  561,  595,  590. 
Parthenogenesis,  36  sey. 
Partridge,  591. 
Pasceohis,  370. 
Passeres,  598. 
Patella,  391. 
Patellidce,  394. 
Pauropoda,  313,  314. 
Pauropus,  311,  312,  314. 
Pduo,  591. 
Pavonaria,  159. 
Pavonince,  591. 
Peachia,  146,  148,  170. 
Pea-fowl,  591. 
Pear-encrinites,  201. 
Pearl-mussels,  385. 

Pearly  Nautilus,  400,  401,  40*2,  403,  408  ; 

anatomy  of,  413 ;  distribution  in  space, 

418. 
Peccary,  673. 
Pecten,  385. 
Pectinaria,  250.  251. 
Pectimciilus,  379. 
Pedalion,  236. 
Pedetes,  716. 
Pedicellariae,  186,  191. 
Pedicellina,  359,  .'.61. 
Pediculus,  328,  329. 
Pedipalpi,  307. 
Pelagia,  131. 

Pelagidce,  130,  131,  132 ;  stnieture  of 

generative  znliids  of,  134. 
Pelagoneviertidce,  227. 
Pelias,  517,  520,  523. 
Pelican,  564,  581. 
PelicanidcB,  581. 
Pelonaia,  352,  370. 
Peltogaster,  290. 
Pen  of  Cuttle-fishes,  407,  411. 
Pencvus,  292. 
Peneroplidea,  69. 
Penguin,  552,  553,  564,  578,  579. 
Penicidus,  269. 
Pcnnatula,  158,  159. 

Pennatulidce,  157,  158,  159,  160,  171  ;  dis- 
tribution of,  in  time,  176. 
Penfacrinus.  201,  202,  209,  211. 
Pentamera  (Coleoptera),  345. 
Pentameridce,  376. 
Pentastoma,  303. 
Pentastoinida,  303. 
Pentatoma,  332. 
Pentremites,  205,  206,  211. 
Peramelest,  637 
Peramelidce,  039. 
Peranema,  88,  93. 
Peratherium,  642. 
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Perca,  445,  451,  464. 
Peroh,  4U4,  408. 
Peruhers,  598. 
Pcrciilat.  468. 
Perdicidas,  591. 
Perdix,  591. 

Perenjiibmnchiata  (Amphibia),  490.  491 
495,  497. 

PeKforata{Fomminifera), 64, 69 ;  (Corals), 
155,  175. 

Pericardium,  of  Crmtacea,  267  ;  ot Nauti- 
lus, 414. 
Peridinimn,  95. 

Perigastric  space  of  Polyzoa,  359. 
Periostracuiii,  352. 
Peripatus,  313,  314,  316. 
PerischoechinidcB,  190,  191. 
Pertssodactyla,  003. 

Peristome,  of  Vorticella,  91 ;  of  the  sliell 

of  Gasteropoda,  393. 
Peristoniial  .space  of  Actinia,  146. 
Peritoneum  (Vunicata),  305.' 
Perivisceral  space  of  .dcimozoa,  99, 143. 
Periwinkle,  394. 
Perlidce,  334. 
Perna,  383. 
Perodicticus,  729. 
Peronela,  493. 
Petalodits,  486. 
Petaurus,  638. 
Petraster,  211. 
Petrel,  580. 
Petrogale,  637. 
Petromyzon,  460,  462. 
Petromyzonidce,  459,  462. 
PezophajiS,  594. 
Pezoporince,  596. 
Phacochcerus,  073. 
Phcenicopteridce,  583. 
Phcenicopterus,  583. 
Phaeton,  581. 
Phalacrocorax,  581. 
Phalcena,  325. 
Phalangers,  638. 
Phalangidce,  305. 
Phalangista,  638. 
Phalangistida:,  638. 
Phalangium,  306. 
Phalansterium,  87,  94. 
Phanogenia,  203 
Pharyngobranchii,  457,  485. 
Pharyngognathi,  468. 
Pharynx,  of  Asciidians,  364,  365,  368  ;  of 

Laneelet,  457,  458. 
Phafcolarctos,  636,  638. 
Phascolomys,  634,  635. 
Phascolosoma,  242. 
Phancolotherium,  627,  641,  642. 
Phasianidce,  591. 
Phasianus,  591. 
PhasmidcB,  333. 
Pheasant,  591. 
Pheronema,  83,  85. 
Phillipsia,  297. 
Phoca,  699,  700. 
Phoccena,  660. 
Phocidm.  700. 
Pholadidce,  352,  385,  386. 
Pholas,  378,  385,  386. 
Phormosoma,  190,  212. 
Phoronis,  251. 

Phosphorescence  of  the  sea,  94. 


Phragmacone,  352;  of  Spirula,  411-  .,I 

IBcleiniiite,  412. 
Pltryganeidoi,  334. 
PImjnus,  308. 
I'hylactolwmata,  361. 
J'hyllididce,  395. 
J'hyllirrhoidas,  395. 
Phylliuiii,  22. 
Piiyllocyst,  121. 

PhyUo2)oda,  268 ;  cliaracters  of,  280,  281  ; 

distribution  of,  iu  time,  297. 
Phyllosloma,  721. 
Phyllostomidoi,  719,  720,  722. 
Pliyogemmaria,  125. 
/'//ysa,  398. 

I'hymlia,  101,  120,  123,  124,  125. 
Phymlus,  658. 
Physetcr,  658,  659. 
Physeteridas,  658. 
Pliysiology,  16. 
Physophora,  125. 

Physo2)horidce,  120;  characters  of,  123  e< 
ip'Cf/.  ;  tentacles  of,  123  ;  reproduction  of, 
124;  distribution  of,  iu  space,  141. 

Physostomata,  465. 

Picidce,  595,  596. 

Piddock,  386. 

Pieris,  339. 

Pigeons,  590,  593. 

Pigmeut-spot,  of  Infusoria,  93 ;  of  i?ci«t- 

./'era,  236. 
Pikas,  713. 
Pike,  466. 
Piiidimn,  225,  226. 
Pill-millipede,  314. 
Pinna,  385. 
Pinnigrada.  698,  699. 
Pinnipedia,  698,  69  y. 
Pintail  Duck,  582. 
Pi^ja,  491,  499,  601. 
Pipe-fish,  469. 
Pipidce,  469,  501. 
Pipistrelle,  719. 
Pipits,  602. 
Pirimela,  295. 

Pisces,  439 ;  general  characters  of,  443 ; 
scales  of,  ;  skeleton  of;  444  sei/. ; 
limbs  of,  448 ;  tail  of,  451  ;  respira- 
tory system  of,  453;  heart  of,  ('6.;  di- 
gestive system  of,  454;  swim-bladder  of, 
455  ;  nervous  system  of,  456 ;  reproduc- 
tive system  of,  i6.  ;  orders  of,  457 
scg.;  distribution  of,  in  time,  484  et  se^. 

Pithecia,  731. 

Pitheciidce,  731. 

Placenta,  628. 

Placentalia  {Mammalia),  628. 
Placodus,  540. 
Placoganoidei,  472,  473,  485. 
Placoid  scales  of  fishes,  443,  444,  475. 
Placoidei,  443,  475. 
Plagiaulax,  628,  642. 
Plagiostomi,  477,  478,  486. 
Planaria,  225. 
Planarida,  224,  225,  237. 
Planorbis,  391,  398. 
Plantain-eaters,  598. 
Plantigrada,  698,  700.  . 
Plant-lice,  331. 

Plants  and  animals,  differences  between, 

11-26. 
Planula,  111. 
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Pla.^yitopora,  163. 
Plasti-ou,  511,  612. 
Platalea,  5SS. 
Plataleadce,  588. 
Platanista,  660. 
Platycrintis,  201. 

Platyelmia,  214  ;  characters  of,  215. 
Platjjrhina,  727,  730,  730. 
Plecotv.s,  719. 
Plectoqnathi,  468. 
Plectropterus,  oo-l. 
Plesiosauria,  539. 
Piesiosatirits,  539,  540. 
Pleura,  of  Lobster,  262;  of  Trilobite,  2S3. 
Pleuracanthus,  486,  487. 
Pleurobrachia,  167;  ctenophores  of,  i/*.  ; 
'  canal-system  of,  168  ;  development  of, 

169  ;  liomologies  of,  ih. 
Pleurobraiichidce,  395. 
Pleuronectidce,  467,  480. 
Pleibronema,  93. 
Pliohippus,  669,  670. 
PliopiUiecus,  736. 
Plotus,  581. 
Plough-share  bone,  553. 
Plumaster,  211. 
Plumatellidce,  361. 
Plumtilaria,  116. 
Platens,  190. 
Plyctoloplms,  596. 

Pueumatic  filaments  of  Physophoridce, 
123. 

Pneumatocyst,  128. 
Piieumatophore,  123,  125. 
Pochard,  582. 
Pocillopora,  156. 

Podophthalmata,  268  ;  characters  of,  289. 

Podophrya,  92,  94. 

Podosomata,  302. 

Podura,  329. 

Poebrotherium,  686.. 

Poecilaama,  272. 

Poephaga,  636. 

Poephagus,  685. 

Pole-cat,  704. 

Polian  vesicles,  187,  207. 

Polistes,  38,  39. 

Polyarthra,  236. 

I'olycoelia,  166,  175. 

Polycystina,  73,  74,  75. 

Polydesmus,  313. 

Polygastrica  (of  Ehrenberg),  90. 

Polymorphinidea,  69. 

Polynoe,  253. 

Polypary,  103,  107. 

Polype,  144. 

Polypide,  356. 

Polypidom,  103. 

Polypite,  102. 

Polyplect.ron,  590. 

Pnlyptents,  469,  470,  471,  472,  473. 

Polystome  Infusoria,  98. 

Polystomellidea,  70. 

Polythalamia  (Foraminyera),  67,  68, 

Polytreina,  72. 

Polytremacis,  163,  176. 

Polyxenixt,  128. 

Polyzoa,  349,  350,  351 :  characters  of,  354  ; 
distinctions  from  Uydrozoa,  354,  355  ; 
typical  polypide  of,  356 ;  avicularia  of, 
357;  lophojihore  of,  358;  digestive  sys- 
tem of,  359;  nervous  system  of,  360; 


reproduction  of,  i&. ;  statoblasts  of, 
360,  361 ;  development  of,  i&. ;  divi- 
sions of,  /6.  ;  affinities  of,  362 ;  distri- 
bution of,  in  sjiace  and  time,  t&. 

Polyzoarium,  355. 

Pond-snails,  397. 

Pontarachna,  305. 

Pontobdella,  247. 

PorceUana,  204. 

Porcellanous  shells,  352. 

PorcelUa,  398. 

Porcupine,  713,  714. 

Pores  of  Sponges,  78,  SO. 

Poritcs,  175. 

Poritidce,  156. 

Porocidaris,  184. 

Pot-pita,  123. 

Porpoise,  659,  660. 

Port  Jackson  Shark,  478. 

Portuguese  man-of-war,  101,  120,  123,  12.5. 

Potoroo,  636. 

Pouched  Marmots,  717. 

Pouched  Rats,  715. 

Poulpe,  410. 

Pnearcturus,  297. 

Prairie  Dog,  717. 

Praya,  122. 

Presbytis,  732. 

Pressirostres,  585,  588. 

Prestioichia,  297. 

Primates,  718. 

Primnoa,  165. 

Pristis,  480. 

Proboscidea,  characters  of,  692;  distribu- 
tion of,  in  time,  696. 

Proboscis,  of  Medusce,  127;  of  Crinoidea, 
199;  of  Planarida,  224;  of  Acanthoce- 
phala,  228 ;  of  Gephyrea,  241 ;  of 
Errantia,  252 ;  of  Lepidoptera,  320  ; 
of  Proboscidea,  625. 

Proboscis  Monkey,  732. 

Procellaridce,  580. 

Prochilus,  7u2. 

Procoe-lia  (Crocodilia),  536. 

Procyon,  702,  703. 

Prooyonidce,  702,  709. 

Productidce,  376,  377. 

Proglottis,  217,  219. 

Pro-legs,  338. 

Promeropidce,  602. 

Prong-buck,  682,  683. 

Pro-ostracuui,  412. 

Propodite,  264. 

Propodium,  387,  396. 

Propora,  163. 

Prorastomus,  654. 

Prorhijnchus,  226. 

Proscolex,  218,  219. 

Prosimice,  728. 

Prosobranchiata,  393,  394,  397. 
Prosoma,  401. 

Prostomium,  of  Planarida,  224 ;  of  Anne- 

lides,  243. 
Protamo&ba,  59,  60. 
Protaster,  212. 
Proteles,  706. 
Protelidce,  706. 
Protcolepas,  276. 
Proteus,  492,  495,  496. 
Proteus-animalcule,  61. 
Prothor.ax,  317. 
Protobathybius,  60. 
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ProticQccm,  12. 

Prot.of/enes,  59. 

Protohydra,  104. 

Pvotolubis,  678. 

Protonu/xa,  CO. 

Protoiilasiii,  7,  S. 

Protojjodite,  2(54. 

Protoptori  (sBu  Dipnoi). 

Proturnis,  004. 

Prot.orosauria,  525. 

Protoromimm,  5.32. 

Protovirgularia,  176. 

Protozoa,  12,  18;  general  cliaractens  of, 

54  e«  scQ.  ;  classification  of,  55  e«  ser/. 
Proventriculus,  of  EartLworm,  248  ;  of 

Birds,  502. 
Proximal,  103. 
Psammodus,  486. 
Pseudenibryo,  183. 
Pseudobranchia,  471. 
Pseudohseinal  sy.steni,  244. 
Pseudo-hearts,  373. 
Pseudonavi(;ell-<ii,  57,  5S. 
Pseudopodia,  55,  58,  59,  62,  63.  65,  66,  73, 

74,  75,  77. 
Pseudopus,  524,  526. 
Pseudoscorpionidce,  306. 
Pseudo-netiroptera,  334. 
Psittacidce,  595,  596. 
Psittacus,  595,  596. 
Psohis,  209,  212. 
Psorospermice,  58. 
Ptarmigan,  591. 
Pteranodon,  542,  543. 
Pteraspis,  474,  484,  485. 
Pterichthys,  474,485. 
PterocUdai,  591. 
Pterodactylus,  542,  543. 
Pteromyn,  717. 
Pteropido},  721,  722. 

Pteropoda,  350,  378,  389,  391;  general 
cliaracters  of,  398;  foot  of,  399;  sliell 
of,  ih.;  divisions  of,  ih.,  400;  distribu- 
tion of,  in  space  and  time,  ib. 

Pteropus,  720. 

Pterosauria,  510 ;  general  characters  of, 

541 ;  distribution  of,  in  time,  543. 
Pterygotuii,  2S3,  284,  285. 
Ptilocercus,  725. 
Ptilodictya,  362. 
Ptilograptus,  137,  141. 
Ptilopora,  362. 
PUlchoceras,  416,  419. 
Puff-adder,  521. 
Puflin,  579. 
Pulex,  336. 
Piilicidce,  336. 

Pulmogasteropoda,  389,  393,  397. 

Pulmonata  (Molliisca),  393. 

Puhnonifera  (Molliisca),  393,  397,  398. 

Pulmotrachearia,  3U9. 

Puma,  709. 

Pupa,  324,  325,  326. 

Pripa,  398. 

Pirpipm-a,  337. 

Purples  of  wheat,  232. 

Putorius,  704. 

Pycnogonum,  303,  304. 

Pygidium,  281,  2S3. 

Pyramidellidce,  394. 

Pijrgia,  156. 

Pyrgita,  601. 


Pyrnsoma,  369. 
J'yrrhula,  001. 
J'ythiin,  515,  522. 
J'ytlLonina,  522. 
Pytkonomorpha,  584. 

Quadrate  bone,  43.3,  506,  554. 

Quadrumana,  (118,  620,  621 ;  characters 
of,  726;  sections  of,  726-735;  distribu- 
tion of,  in  time, 

Quagga,  669. 

Quail,  591. 

Rabbit,  712,  713. 
Racoon,  702,  703. 
Jladiata,  98. 

Itadiolaria,  56  ;  characters  of,  73. 

Badula  [see  Odontophore). 

Raia,  480. 

Rail,  586. 

liallm,  586. 

Jtana,  499,  500,  502. 

Jianiceps,  b05. 

Ranidce,  501,  502.  ' 

liaptores,  562,  572;  characters  of,  604; 
sections  of,  605 ,  distribution  of,  in  time, 
608. 

Rasores,  562,  567,  572;  characters  of, 
589  ;  sections  of,  590 ;  distribution  of, 
in  time,  594. 

Rat,  715. 

Ratal,  703. 

Ratitce,  571. 

Rattlesnake,  411,  419,  420. 

Rays,  475,  476,  477,  479,  480,  4S7. 

Razor-bill,  579. 

Razor-shells,  386. 

Heceptaculites,  72. 

Red  Coral,  160,  161,  171. 

Red  Deer,  680. 

Redshank,  588. 

Redstart,  602. 

Regnum  Protisticum,  12. 

Regular  Echinoids,  188,  190. 

Rein-deer,  681. 

Renilla,  159. 

Reproduction,  general  phenomena  of.  29 
et  seq.  ;  sexual,  ib. ;  non-sexual,  30  et 

seq. 

Reptilia,  439  ;  general  characters  of,  506  : 
jaw  of,  507 ;  teeth  of,  508 ;  circulation 
of,  ib.,  509;  respiration  of,  ib.,  510; 
orders  of,  ib.  et  seq. 

Respiratory  tree  of  Holothurians,  208,  209. 

Respiratory  tubes  of  Rotifera,  235. 

Reticulosa  (see  Foraminifera),  66. 

Reversed  shells,  353. 

Rhabdocoela,  225. 

Jihabdoidea,  69. 

Rhabdophora,  136. 

lihabdoijlcura,  137,  358.  359,  361. 

Rhamphastidw,  595,  597. 

R h a  mplwrliynch us,  543. 

Rhea,  574. 

Rhinatrema,  495. 

Rhinobatis,  480. 

RhiHOC&ridm,  663. 

Rhinoceros,  664. 

Rhinolophida;,  719,  720. 

Rhinolojihua,  720. 

Rhinophrynus,  501. 

Rhipidogurgia,  161. 
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Hhizocephala ,  207;  characters  of,  270. 
Rhizocrinus,  li(S,  199,  201,  209. 
Jihizopharja,  634. 
Bhizophi/lluin,  166. 

Ehizopoda,  56 ;  characters  of,  59  ;  pseudo- 
podia  of,  ib. ;  divisions  of,  ib. 

Jihizostoina.  135,  136. 

lihizostomida;  130;  definition  of,  181; 
development  of,  132;  structure  of  re- 
productive zoiiids  of,  135. 

Rhodope,  395. 

Rhombus,  467. 

Rhopaloccra,  339. 

Rhynchocephalia,  531. 

Rhynchoceti,  655,  661. 

Rhynchonella,  371,  377. 

Rhynchonellidce,  372,  370,  377. 

Rhynchophora,  345. 

Rhyncliosaitrus,  532,  541. 

Rhynchota  (see  Ilemiptera). 

Rhytina,  (i22,  654. 

Ribbon-worms,  225. 

Right  Whnle,  656,  658. 

Ringed  Snake,  521. 

River-snails,  394. 

Roach,  460. 

Robins,  602. 

Rock-kangaroos,  637. 

Rock-slaters,  289. 

Rock-snakes,  522. 

Roebuck,  680. 

Rodentia,  general  characters  of,  7U  ;  fa- 
milies of,  712  et  seq.  ;  distribution  of, 
in  time,  717. 

Rorqual,  658. 

Rot  of  Sheep,  223. 

Rotalidea,  70. 

Rotalina,  68. 

liotatoria  (see  Rotifera). 

Rotifera,  S,  214,  215  ;  characters  of,  233  ; 
wheel-organ  of,  234  ;  masticatory  or- 
gans of.  ib.;  water-vascular  system  of, 
235;  affinities  of,  236;  vitality  of,  8; 
distinctions  from  Infusoria,  237. 

Round-worms,  229. 

Ruff;  588. 

Rugosa,  145  ;  characters  of,  163-165  ;  fami- 
lies of,  166  ;  distribution  of,  in  time,  175. 

Ruminantia,  662,  663  ;  characters  of,  674  ; 
stomach  of,  675 ;  dentition  of,  676  ;  fa- 
milies of,  677-685  ;  distribution  of,  in 
time,  685-687. 

Rupicapt-a,  683. 

SabcUa,  250. 
Sabcllaria,  240,  250. 
Sable,  704. 
Saccammina,  72. 
Saccomydce.  715. 
Saccosnnia,  211. 
Sacculina,  270. 
Scenuridce,  248. 
Sagitta,  256,  257. 
Saki,  731. 

Salamanders,  492,  495,  497,  493,  504. 
Salamandra,  495,  498. 
Salamandrella,  504. 
Salmon,  466. 
Salmonidce,  466. 
Salpidce,  309. 
Sand-crab,  295.  ! 
Sand-grouse,  591. 


Saud-hopper,  287. 

Sand-lizard,  527. 

Sand-pipers,  588. 

Sand-stars,  197. 

Sand-wonns,  252. 

Sanguisuga,  247. 

Sapajou,  731. 

Sarcode,  54,  55. 

Sarcodictyon,  157. 

Sarcoids  of  Sponges,  78,  79,  SO,  86. 

Sarcnphaga,  640. 

Sarcophyton,  157. 

Sarcopsylla,  330. 

Sarcoptes,  304,  305. 

Savcorhamjjhus,  008. 

Sarsia,  128,  129. 

Sauria,  525. 

Saurillus,  533. 

Saurobatrachia  (see  U rodela). 
Sauropsida,  441,  506. 

Sauropterygia,  510;  general  characters  of, 

539  ;  distribution  of,  in  time,  640. 
Saurornilhes,  571.  608. 
Saururce,  570,  571 ;  characters  of,  608. 
Saw-fish,  480. 
Saw-flies,  341. 
Scalaria,  395. 
Scale-insects,  331. 
Scallop,  385. 
Scalops,  723. 
Scalpellum,  275. 

Scansores,  572 ;  characters  of,  504  ;  fami- 
lies of,  595. 
Scaphites,  418. 
Scaphognathite,  266. 
ScapirhynchKS,  469,  470,  473. 
Scaphopoda,  394. 
Scincidce,  526,  527. 
Scincus,  527,  528. 
Sciuridce,  710,  717. 
Sciuropterus,  717. 
Sciurvs,  717. 
Sclerenchyma,  150. 
Sclerites,  101. 

Sclerobasica  (Zoantharia),  145,  149,  175. 
Sclerobasic  corallum,  140. 
Sclerodermata  {Zoantharia),  145,  149; 

divisions  of,  155,  156. 
Sclerodermic  corallum,  151. 
Sclerogcnidce,  46S. 
Sclerostoma,  231. 

Scolecida,  180,  181 ;  characters  and  divi- 
sions of,  214  et  sf-q. 
Scolex,  218,  219,  220,  221. 
ScoUtes,  255. 
Scolopacidoi,  588. 
Scolopendra,  312,  313. 
Scoinberidoi,  468. 

Scorpion,  298,  300,  301,  307,  308,  310. 
Scorpion-flies,  334. 

SMrpionidw,  characters  of,  307 ;  distribu- 
tion of,  in  time,  310. 
Screamer,  586. 
Scutigera,  312. 
Scyllaridce,  262. 
Scyphistoma.  133. 
Scythro2)s,  595. 
Sea-anemones,  146. 
Sea-cows,  653. 
Sea-cucumbers,  206. 
Sea-firs,  101,  114. 
Sea-hares,  395. 
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Sea-hoises,  469. 
Sea-leiiions,  !ili5. 
Soa-niouso,  2i>2,  25-1. 
fSea-ottor,  705. 
Sea-pens,  15S. 
Sea-shrubs,  160. 
Sea-slugs,  395. 
Sea-spiders,  3U2. 
Sua-woniis,  252. 
Seals,  699,  700. 
Se(!retary  Bird,  608. 

Segmental  organs,  of  Leeches,  245  ;  of 
Jiarthworin,  248 ;  of  Errant  Anuelides, 
253. 

Selachii,  478. 

Selenodonts,  670. 

Semnopithecus,  732. 

Septa,  404,  407,  417. 

Sepiadce,  411,  419. 

Sepiola,  401,  417. 

Sepiostaire,  407. 

Septa,  of  Corals,  152 ;  of  the  shell  of  Tetra- 

brauehiate  Cephulopods,  408,  413,  415. 
Soyentarius,  Oo8. 
Serpents  (sec  Snakes). 
Serpula,  249,  250,  251. 
SerpuUten,  255. 
Sertularia,  115,  116. 

Sertularida,  lul,  104,  107;  characters  of, 
114 ;  hydrothecai  of,  ih.  ;  polypites  of, 
ih. ;  reproduction  of,  116;  distribution 
of,  in  space  and  time,  141. 

Setai  of  Annelides,  243,  248,  249,  252. 

Sexual  selection,  47,  48. 

Sharks,  454,  475,  476,  477,  478,  479,  486, 
487. 

Sheat-fishes,  466. 
Sheep,  684. 
Slieep-ticks,  338. 

Shell,  of  Mollmca,  351-353 ;  of  Braehio- 
poda,  370-372;  of  LaviellibrancJdata, 
378-381;  of  Gasteropoda,  391-393;  of 
Heteropoda,  397  ;  of  Pteropoda,  399 ;  of 
Argonauta,  408,  409  ;  of  Nautilus,  408, 
413;  of  Tetrabranchiate  Cephalopods, 
415. 

Sheltopusiks,  526. 
Shield-slaters,  289. 
Ship-worm,  386. 
Shoveller,  582. 
Shrew-mice,  723. 
Shrew-mole,  723. 
Shrikes,  602. 
Sialidce,  334. 
Siamang,  734. 
Silicea  (Sponges),  85. 
Silicispongice,  82,  85. 
Siluridce,  466. 
Silurus,  466. 
Simia,  734. 
Simosaurus,  MO. 
Sinupallialia,  383,  385. 
Siphonia,  83. 
Siphonida,  385,  386. 

Siphonophora,  104;  characters  of,  119; 

divisions  of,  120  et  seq. 
Sij^honops,  494,  495. 

Siphonostomata  {Gasteropoda),  393,  394, 
397,  398. 

Siphons,  of  Lamellibranchiata,  383  ;  of 

Gasteropoda,  390. 
Siphuncle,  of  the  shell  of  Nautilus,  408, 


413,  416;  of  Spirnla,  411  ;  of  Belcm- 
nites,  412  ;  of  Tetrabrancliiata,  415  ;  of 
Orthocerus,  416. 

Sqriinculuidea,  241. 

Sipunculus,  241,  242. 

Siredon,  496,  497. 

Siren,  492,  495,  496. 

Sirenia,  615,  617,  620,  622;  characters  of, 
651  et  seq. ;  distribution  of,  in  time,  654. 
Sirenidm,  496. 
Siricidce,  341. 
Sitla,  602. 

Sivatherium,  682,  687. 
Skates,  479. 
Skink,  528. 
Skunk,  704. 
Slaters,  289. 
Sloth,  644,  645,  650. 
Sloth  animalcnles,  3"4. 
Slow  Lemurs,  728,  729. 
Slow-worm,  526. 
Slugs,  397. 
Smynthurus,  329. 
Snails,  397. 
Snake-birds,  581. 

Snakes,  507,  510,  515,  516,  517,  518,  519, 

520,  521,  522,  523,  624. 
Snapping-turtle,  514. 
Snipe,  585,  588. 
Soft  Tortoises,  514. 
Solanocrinus,  211. 
Solaster,  190. 
Sole,  467. 

SolenidcB,  385.  386. 
Solenodon,  lib. 
Solidungula,  662,  663. 
SoUpedia  (see  Solidungula), 
Solitaire,  594. 
SolpugidcB,  307. 
Somateria,  582. 

Somatic  cavity,  of  Caelenterata,  99  ;  of 
Hydrozoa,  101;  oi  Jiydra,  105;  of  Ac- 
tinozoa,  142,  143. 

Somatocy.st,  120. 

Somite,  258  ;  ot  Crustacea,  268;  of  Araeh- 

nida,  298. 
Sorex,  724. 
Soricidce,  723,  726. 
Spalacidat,  717. 
Spalacothcrium,  628. 
Spalax,  717. 
Sparrows,  601. 
Spatularia,  469,  470,  473. 
Species,  definition  of,  24-27;  origm  of, 

45-48. 
Spectacled  Bear,  702. 
Spermatophores,  405. 
Sperm-whale,  658,  659. 
Spermophilus,  717. 
Sphseridia,  186. 
Sphcerogastra,  308.  ' 
Splmroma,  288. 
Sphcurozoum,  76. 
Sphairularia,  229. 
Sphagodus,  486. 
Sphargis,  514. 
Spheniscidoi,  578. 
Spheniscus,  578,  579. 
Sphcnodon,  531.  ^  „„  r  r>„ 

Spicula,  of  Sponges,  78,  82,  83  85;  o_f  J^«- 

diolaria,  76  ;  oi  Actiiiozoa,  149, 15<,  lo8, 

160,  161. 
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Spider-crabs,  2P4. 
Spidcr-niites,  305. 
Spider-iiionkev,  731. 

Spiders,  29S,  209,  300,  301,  30S,  809,  310. 
Spinax,  47(i. 

Spinnerets,  of  Spiders,  809;  of  Caterpillars. 

83S. 
Spio,  101. 
Spirifer,  376. 
Spiri/erido',  376,  377. 
Spirillinidea,  69. 
Spirorbis,  2.50,  251,  256. 
Spinda,  407,  40S,  4U,  417. 
Spirulidce,  411. 
Sponge-crab,  204, 
Spongia,  S2. 

Spongida,  56,  70,  77  ;  skeleton  of,  82,  83  ; 
sarcoids  of,  7S,  79;  aquiferous  sj'stem 
of,  SO  ;  reproduction  of,  83  ;  develop- 
ment of,  S4 ;  classification  of,  85  ;  dis- 
tribution of,  in  space,  ib.  ;  in  time,  86  ; 
affinities  of,  ib. 

Spongilla,  82,  83,  85  ;  reproduction  of, 
ib. 

Spoon-bill,  583. 
Spoon-worm,  201. 
Spores  of  Sponges,  S3. 
Sporosac  of  Conjnida,  108. 
Spring-tails,  329. 
Squalidce,  479. 
Squalodon,  661. 
Squamse  of  Aphrodite,  254. 
Squamata  (Reptilla),  508. 
Squamulina,  71. 
Squamulinidea,  69. 
Squids,  411. 
Squilla,  2S9,  290. 
Squirrel,  717. 
Squirrel  Monkey,  731. 
Staggers  of  Sheep,  220. 
Stagonolepis,  537. 
Staphylinidce,  345. 
Starlings,  600. 
Star-nosed  Mole,  723. 
Statoblasts,  33,  360. 
Stauria,  165,  166,  175. 
Stauridia,  111. 
SteatorniH,  604. 

Steganophthalmata  (Mcdiisce),  125,  126, 

129,  136. 
Stellerida,  191. 
Stellio,  529. 

Stem-muscle  of  Vortieella,  91. 
Stemmata  {see  Ocelli). 
Stenaster,  211. 
Steneoflber,  718. 
Steneosmirm,  537. 
Steiiops,  730. 
Stenostomata,  170. 
Stentor,  14,  92,  93. 
Stephanoceros,  2.^3,  236. 
Stephanoscgphxis,  119. 
Sterelmintha,  223. 
Stereognathus,  627,  642. 
Sternaspis,  241. 

Sternum,  of  Crustacea,  262 ;  of  Arach- 
nida,  299  ;  of  Chelonia,  512  ;  of  Aves, 
555;  oi  Mammalia,  617. 

Stick-insects,  333. 

Stigmata,  of  Physophoridce,  123  ;  of 
Leeches,  245;  of  Arachnida,  302;  of 
Insecta,  323 


Sting-rays,  480. 

Stolons,  of  Foraminifera,  67 ;  of  compo- 
site Actinozoa,  154 ;  of  social  Tunicata, 
369. 

Stomapoda,  268 ;  characters  of,  289 ;  de- 
velopment of,  ib. ;  distribution  of,  in 
time,  297. 

Stomatodendra,  136. 

Stone-chat,  602. 

Stone-flies,  334. 

Stork,  587. 

Strepsiceros,  683. 

Strepsilas,  588. 

Strepsiptera,  319,  343,  344. 

Strepsirhina,  726,  728. 

Streplospondylus,  537. 

Strigidce,  605. 

Strigops,  596. 

Strix,  606. 

Strobila,  of  Rhizostomidce,  133  ;  of  Toeni- 

ada,  219. 
St.romatopora,  72. 
Stroiiibida;,  351,  387,  394. 
Strombodes,  165 
Strongylocentrotus,  184,  210. 
Strojohomenida:,  376,  378. 
Struthio,  572,  573. 
StruthionidcB,  572,  574. 
Sturgeon,  452,  473. 
Stvrionid'Ce,  473,  485. 
Sturnidce,  599,  600. 
Sty  laster  idee,  140,  141,  165. 
Stylinodontia,  689. 
Stylops,  344. 
Stylorhynehus,  57. 
Sub-brachiata ,  467. 
Sub-kingdoms,  19. 
Subulo,  681. 
Suchosaurus,  537. 
Suctoria  (Infusoria),  87,  92,  94. 
S'Ttidft,  672,  686. 
SwZa.  5S1. 
Sun-birds,  602,  603. 
Sun-bear,  702. 
Surf-duck,  5S2. 
Suricata,  705. 
Surinam  Toad,  501. 

664,  672. 
Swallow,  603,  604. 
Swan,  5S2,  583. 
Swifts,  560,  603,  604. 
Swim-bladder  of  Fishes,  455. 
Swimmerets  of  Lobster,  264,  292. 
Swimming-bells,  121. 
Sycandra,  79. 
Sycon,  84,  85. 
Syllidea,  254. 
S'ylviadce,  602. 
Syinborodon,  667. 
Sympodium,  157. 
Synapticulffi,  153. 
SynaiMdo},  207,  209. 
Syndactyli,  604. 
Syndendrium,  136. 
Syngnathido},  469. 
Syringopora,  156. 
Syrinx,  241. 
Syrinx,  568. 

Tabanidce,  33S. 
Tabulua  of  Corals,  153. 
Tabulata,  150. 
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Tabulate  Comls,  130,  156,  175. 
Tach!/(jlo.ssus,  C31,  C32. 
Tachypetes,  581. 
Tadpole,  500. 

Tcenia,  216,  217,  218,  210,  220,  221. 
Tceniada,  214;  clmraeturs  and  develop- 
ment ol',  215  et  seq. 
Talitrun,  287. 
Talpa.  722,  724. 
Talpidff.,  722,  724,  726. 
Tamandua,  648. 
Tarnian,  717. 
Tanagridce,  601. 
Tanais,  286,  2S0. 
Tank-worms,  223. 
Tantalince,  587. 
Tapes,  383. 

Tape-worm  (see  Tainia). 
Tapir,  666. 
Tapiridce,  666,  685. 
Tapirus,  664,  666,  667. 
Tardigrada,  302,  304. 
Tarsiidce,  728. 
Tarsius,  728. 
Teal,  582.1 

Teetibranchiata,  395. 
Tegenaria,  299,  300. 
Teleoswurus,  537. 

Teleostei,  characters  of,  402  eJ  ssg.  ;  sub- 
divisions of,  465  ei  seq. ;  distribution 
of,  in  time,  487  et  seq. 

Telephorus,  345. 

Telerpeton,  532. 

Tellinidoe,  3S5,  386. 

Telmatornis,  589. 

Telson,  of  Crustacea,  2fil ;  of  Lobster, 
264 ;  of  Limulus,  284 ;  of  Scorpion, 
307. 

Tenebrionidce,  345. 
Tenre(!,  724. 

Tentacles,  of  Hydra,  105 ;  of  Tiibularia, 
113  ;  of  Calycophoridas,  120;  of  Physo- 
phoridce,  123;  of  Medusidce,  127;  of 
Bydra-tiiba,  132;  of  Actinia,  146;  of 
Alcyonaria,  156;  oi  PJeurobrachia,  168; 
of  Holothxiroidea,  206  ;  of  Polyzoa,  358  ; 
of  Tunicata,  364  ;  of  Cuttle-fishes,  4i  2, 
411. 

Tentaculites,  255,  400. 
Tenthredinidce,  341. 
Tenthredo,  341. 
Tenuirostres,  599,  602. 
Terebella,  250,  251. 
Terebrattda.  352,  373. 
Tcrebratulidce,  376,  377. 
Terbratulma,  374,  375. 
Teredo,  3S6. 

Tergum,  of  the  exoskeleton  of  Crmtacea, 

262;  of  ^  mc/i»iidrt,  299. 
Tern,  580. 
Tcrricola,  247. 

Termites,  326;  communities  of,  334. 
Terrapin,  516. 

Test,  of  j'om?77.Mi?/crrt.,  64 ;  o{  Echinoidea, 

183  ;  ()/■  Tunicata,  364. 
Testacella,  352. 
Testiidinidce,  514. 
Testudo,  515. 
Tethya,  85. 

Tetrabranchiata(Ce2}halopoda),4:0S ;  char- 
acters of,  412  ;  divisions  of,  415;  distri- 
bution of,  in  time,  418. 


Tetradecapoda,  286. 
Tetratiiera,  345. 
Telrauyclius,  304. 
Tctruo,  691. 
Tetraonuloi,  591. 
Tcuthidm,  411,  410. 
Tcxiularidea,  60. 
Thalassarachna,  305. 
ThalassarcUiK,  702. 
ThalassicolUda,  73,  75. 
Thaumantias,  126. 
r/icca,  400. 

Theca  of  sclerodermic  corallum,  152. 
Thecaphora,  114,  119. 
Thecia,  156. 
Thecidiidce,  376,  377. 
Thecomedusce,  119. 
Thecosomata.  390. 
Thelyphonidai.  308. 
Thelyphonus,  300,  308. 
Theridion,  309. 
Theriodontia,  510,  545,  546. 
Theriomorpha  (see  j4nowra). 
Tliomomys,  715. 

Thoracica  {Cirriijedia),  267,  275, 
Thornback,  480. 
Thornheaded  Worms,  228. 
Thorny  Clams,  3S6. 
Thread-cells,  100,  101. 
Thread-worms,  229. 
Thrips,  331,  332. 
Thrushes,  602. 
Thylacinus,  640,  643. 
Thylacoleo,  643.  . 
Thyone,  208,  209. 
Thysanoptera,  332. 
Thysamira,  329,  330. 
Ticks,  305. 
Tiger,  708. 
Tiger-beetle,  345. 
Tillodontia,  6S0. 
TUlotheridce,  689. 
Tillotherium,  689,  690. 
Tinamidce,  592. 
Tinamou,  592. 
Tinoceras,  689. 
Tipula,  337. 
Tipulidce,  337,  338. 
Titanotherium,  667. 
Titmice,  602. 
Toad,  490,  498,  500,  501. 
Tumopteris,  255. 

Tongue,  of  Insects,  320 ;  of  Gasteropoda, 
388  ;  of  Cephalopoda,  403  ;  of  Fishe.'s, 
447;  of  Snakes,  516  ;  of  Lizards,  525  ;  of 
Crocodile,  535  ;  of  Birds,  561. 

Tooth-shells,  394. 

Top-shells,  394. 

Tornaria,  227. 

TornatelUdce,  395. 

Torpedo,  480. 

Tortoise  Encrinite,  211. 

Tortoises,  507,  508,  510,  514,  515. 

Tortrix,  515. 

Totanus,  588. 

Totipalmafm,  580. 

Toucan,  595,  597. 

Touracos,  598. 

Toxoceras,  416,  417. 

Toxodon.  635,  690,  691. 

Toxodon  tia,  69  >. 

Toxopneustcs,  1 84. 
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Trachea\  259  ;  of  Arachnida,   301;  of 

Mijriapoda,  312;  oi  Imecta,  323. 
Track yderma,  255. 
Trachynema,  12S. 
Tmchynemidce,  12S,  136. 
Trugulidfe,  (iTti,  677,  67S,  6S6. 
Tntgulus,  678,  679. 
Transformation,  40. 
Tree-crabs,  294. 
Tree-frogs, '502. 
Tree-kangaroos,  637. 
Tree-pigeons,  593. 
Treiitarctos,  7(j2. 

Trematoda,  214,  215  ;  general  characters 
of,  222 ;  development  of,  223  ;  habitat 
of,  ib. 

Tremoctopus,  406. 

Treronidce,  593. 

Tretenterata,  375. 

Triarthra,  236. 

Trichecidce,  700. 

Tric/iecus,  700,  701. 

Trichina,  230,  231,  232. 

Trichocephalus,  231. 

Trichocysts,  89. 

Trichoglossus,  596. 

Trichoptera,  334. 

Triconodon,  628,  642. 

Tridacnidce,  385,  386. 

Trigoiiiadce,  384. 

Trilobita,  268  ;  structure  of  the  crust  of, 

281 ;  distribution  of,  in  time,  297. 
Trimera,  345. 
Trimerellidce,  376. 
Trimeresunis,  521. 
Tringa,  588. 
Trinucleus,  285. 
Trionycidce,  511,  514,  515. 
Trionyx,  514. 
Triton  {Amphihia),  454. 
Tritoniadce,  395. 
Trochilidce,  602. 
Trochoceras,  416. 
Trochocystitcs,  211. 

Trochoid  shell,  of  Foraminifera,  68;  of 

Gasteropoda,  392. 
Troglodytes  (Aves),  602 ;  (Quadrumana), 
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Trogon,  595,  597. 
Trogonidcn,  595. 
Trogonthariuin,  718. 
Trombididce,  305. 
Trophi  of  Insects,  319. 
Trophosnme,  103. 
Tropic  Birds,  581. 
Tropidonotus,  521. 
Trough-sliells,  386. 
Trout,  466. 

Truncated  Shells,  353. 
Trunk-fishes,  468. 
Trygon,  480. 

Tube-feet  of  E'cftiwf.s,  187;  of  .ds^eroidcft, 
192 ;  of  OpMuroidea,  196 ;  of  Holothu- 
roidea,  206,  207. 

Tubicola,  244  ;  characters  of,  249  ;  devel- 
opment of,  250 ;  distribution  of,  in  time, 
255. 

Tubifex,  249. 

Tubipora,  158,  171. 

Tubiporidce,  157,  176. 

Tubtdaria,  112. 

Tubularida  (see  Corynida). 


Tubulosa,  156,  175. 

Twiicata,  354 ;  characters  of,  363 ;  bran- 
chial sac  of,  364,  365,  368  ;  circulation 
of,  365 ;  nervous  system  of,  366 ;  devel- 
opment of,  366-368  ;  alternation  of  gen- 
erations of,  368;  types  of,  ib.,  369; 
homologies  of,  ib. ;  distribution  of,  in 
space  and  time,  ib.,  370. 

Tunics  of  Ascidians,  364. 

Tupaia,  725. 

Tupaiidce,  725. 

Turbellaria,  214  ;  characters  of,  224 ;  divi- 
sions of,  225. 
Turbinated  Shells,  392. 
Turbinidce,  394. 
Turbinolidoi,  155. 
Turbot,  467. 
Turkey,  591,  594. 
Turnicidce,  592. 
Turnstone,  588. 
Turrilepas,  297. 
Turrililes,  416,  417,  419 
Turritellidce,  394. 
Turtles,  507,  510,  514. 
Tylodon,  710. 
Tylopoda,  677. 
Type,  morphological,  18. 
Typhlopidce,  522. 
TypUops,  522. 

TTintatherium,  689. 
Uintornis,  598. 
fJtoZa,  606. 

Umbilicated  shell  of  Gasteropoda,  392. 
Umbo,  380. 

Umbrella  of  Lucernarida.  130,  134. 
Unau,  647. 

Ungulata  618,  619 ;  characters  of,  662 ; 

divisions  of,  663. 
Utiionidce,  385. 
Univalve  Shells,  387. 
(Tpupidce,  602. 
(/raster,  192,  195,  211. 
Cfria.  579. 
Urnatella,  300. 

Urodela,  490,  493 ;  characters  of,  495-49S ; 

distribution  of,  in  time,  504. 
Uropeltis,  522. 
Urotrichus,  723. 
Ursidce,  701,  709. 
tTraw,  702,  709. 
Urus,  684. 
Uvellidea,  69. 

Vacuoles,  of  Protozoa,  62 ;  of  Infusoria, 
90. 

Vaginicola,  92,  93. 
FaZAreria,  350,  361. 
FaZortto,  398. 
Vampire-bat,  648. 
Vanelhis,  588. 
FammrfcB,  528. 
Fcfra?iMs,  528. 
Vaucheria,  13. 

Veil,  of  gonophores,  109;  of  nectocalyccs, 

121  ;  of  naked-eyed  Jlfedrtso),  127. 
Velella,  123,  124,  125. 
Velum  of  embryo  Mollusca,  884,  391. 
Venenosa  {Ophidia),  520. 
Vencridce,  385,  386. 
Ventriculitidoi,  86. 
Venus's  flower-basket,  S3. 
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Vonus's  Oirdlo,  170. 
VeretiUum,  15!),  1()0. 
IWniex,  180,  181. 
Veriiietua,  391. 
Vermilinguia,  525. 

Vcrrucidce,  2G7,  274,  27C ;  distribution  fif, 
in  time,  297. 

Vertebra,  structure  of,  430. 

Verte.hrata,  19 ;  general  diameters  of, 
425-429  ;  development  of,  42(5-428  ;  skele- 
ton of,  429-434  ;  dige.stive  system  of,  ?'&., 
435  ;  blood  of,  43G ;  reapii'atory  system 
of,  437 ;  nervous  system  of,  438 ;  repro- 
duction of,  439 ;  exoskeleton  of,  ih.; 
divisions  of,  439-441. 

Vesicle,  contractile,  of  Protozoa,  55 ;  of 
Amoeba,  62;  of  Paramcecvum,  90;  of 
Epistylis,  92. 

Vcsicularia,  354,  361. 

Vespidm,  342. 

Vespertilio,  710. 

Vespertilionidce,  719,  721. 

Vibracula,  357,  358. 

Vibrio,  42,  43. 

Vidua,  600,  601. 

Viperidm,  520. 

Virgularia,  159,  160. 

Viscacba,  714. 

Visceral  arches  of  the  embryo  of  Verte- 
brates, 42S. 
Vitrea  (Sponges),  82,  85,  86. 
Viverra,  705. 
Viverridce,  705,  710. 
Viviparous  Lizards,  507. 
Vole,  715. 
Volitores,  603. 
Volutidce,  394. 
Volvox,  13. 

Vorticella,  88 ;  structure  of,  91 ;  rej^ro- 

duction  of,  ib.,  92. 
Vorticlava,  106. 
Vulpes,  706,  707. 
Vultur,  607. 
Vulturidce,  606,  607. 

Wagtails,  602. 
Wah,  703. 

Waldheimia,  371,  373. 
Walking  Leaves,  333. 
WaliTis,  699,  700. 
Wanderoo,  732. 
Warblers,  602. 
Wart-hog,  673. 
Wasps,  342. 
Water-beetles,  345. 
Water-deer,  681. 
Water-fleas,  277,  278,  279. 
Water-hen,  586. 
Water-mites,  304,  305. 
Water-scorpion.  332. 
Water-spider,  332. 

Water  -  vascular  system,  of  Annuloida, 
180  ;  of  Echinoidea,  186 ;  of  Asteroidea, 


192;  of  Op}dvroidea,l(i(i;  Crinoidca, 
198-203  ;  of  Holollmroidea,  206-207 ;  of 
Scnlccidu,  2\r,;  of  Tatniada,  216;  of 
Treniatoda,  222;  of  Turhdlaria,  225; 
of  Acanl/ioce2jkalu,  228;  of  Nemntoda, 
2:50  ;  of  Hotijcra,  235. 

Water-worms,  248. 

Weasel,  704. 

Websleria,  176. 

Weevils,  34.5. 

Wlialebone  Wliales,  655. 

Whale-louse,  287. 

Whales,  615,  016,  019,  622,  627,  654,  605, 

658. 

Wheel-animalcules,  233. 
Whelk,  388,  390,  394. 
White  Ants,  334. 
Wliiting,  467. 
Widgeon,  582. 
Wild  Boar,  672. 
Wing-shells,  395. 
Wire-wonns,  345. 
Wolf,  706. 
Wolverine,  633. 
Wombat,  634,  63.5. 
Woodcock,  564,  588. 
Woodlice,  288. 
Wood-mites,  305. 
Woodpecker,  568,  595,  596. 
Wrasse,  468. 
Wrens,  602. 
Wry-neck,  596. 

Xenia,  157. 
Xenospongia,  85. 

Xiphosura,  characters  of,  283;  distribu- 
tion of,  in  time,  297. 
Xylohius,  396. 

Yak,  685. 
Yapock,  639. 
Yunx,  506. 

Zaphrentis,  164,  166. 
Zebra,  669. 
Zebu,  685. 

Zeuglodon,  661,  662. 
Zeuglodontidce,  655,  651. 
Ziphius,  661. 

Zoantharia,  145:  Malacodermata,  145- 
149  ;  Sclernbasica,  149,  175 ;  Scleroder- 
mata,  149-156,  175. 

ZoantliidcB,  148. 

Zoantlni-s,  149. 

Zoea,  280,  289,  290,  293,  295. 

Znnites,  398. 

Zonuridw,  526. 

Zoojcium,  357. 

Zoiiid,  32,  103. 

Zoological  provinces,  49,  50. 

Zoology,  definition  of,  1. 

Zoospores  of  Confervce,  13. 

Zootoca,  527. 
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ETYMOLOGICAL  DICTIONARIES. 


I. 

AN  ETYMOLOGICAL  AND  PHONOUNCINO 

DICTIONARY     OF     THE     ENGLISH  LANGUAGE. 

Including  a  very  Coijious  Selection  of  Scientific,  Technical,  and 
other  Tenus  and  Phrases.  Designed  for  Use  in  Schools  and  Col- 
leges, and  as  a  Handy  Book  for  General  Reference.  By  the  Rev. 
JAMES  STORMONTH.  The  Pronunciation  carefully  revised 
by  the  Rev.  P.  H.  PHELP,  M.A.  Fourth  Edition,  revised,  and 
enlarged  with  a  Supplement  of  many  additional  words ;  and  a  List 
of  Scripture  proper  names,  and  other  names,  all  respelt  for  pronun- 
ciation.   Crown  8vo,  pp.  785,  7s.  6d. 

II. 

THE  SCHOOL  ETYMOLOGICAL   DICTIONARY  AND 

WORD-BOOK.  Combining  the  advantages  of  an  ordinary  Pro- 
nouncing School  Dictionary  and  an  Etymological  Spelling-Book. 
Containing  :  The  Dictionary — List  of  Prefixes — List  of  Postfixes — 
Vocabulary  of  Root-words,  followed  by  English  Derivations.  By 
the  Same.    Fcap.  8vo,  pp.  260.  2s. 

ni. 

THE    HANDY    SCHOOL   DICTIONARY.    For  Use  in 

Elementary  Schools,  and  as  a  Pocket  Reference  Dictionary.  By 
the  Same.    Pp.  268.  9d. 


THE     DAILY    CLASS-BOOK    OF  ETYMOLOGIES. 

Being  a  Reprint  of  the  Appendix  to  the  'School  EtjTUO logical 
Dictionary  and  Word-Book.'  For  Use  in  Schools.  By  the  Same. 
6d- 


OPINIONS  OF  THE  PRESS. 
ETYMOLOGICAL   AND   PRONOUNCING  DICTIONARY. 

"  This  Dictionary  is  admirable.  The  etymological  part  especially  is  good 
ana  sound.  .  .  .  The  work  deserves  a  place  in  every  English  scliool,  whetlier 
boys'  or  girls'." — Westminster  Review. 

"  A  good  Dictionary  to  people  who  do  much  writing  is  like  a  life-belt  to 
people  who  make  ocean  voyages :  it  may,  perhaps,  never  be  needed,  but  it  is 
always  safest  to  have  one  at  li&nd.  This  use  of  a  dictionary,  though  one  ot  the 
humblest,  is  one  of  the  most  geuenO.  For  ordinary  purposes  a  very  ordiniiry 
dictionary  niil  serve  ;  but  when  oue  has  a  dictiouarj-,  it  is  aa  well  to  have  a 
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STORMONTH'S  DICTIONARIES— OiJimon*  continued. 

good  one.  .  .  .  Special  care  seems  to  have  been  "bestowed  on  tlie  pronun- 
ciation and'  etymological  derivation,  and  the  '  root-words '  which  are  given 
are  most  valuable  in  helping  to  a  knowledge  of  primary  significations.  All 
tbiough  the  book  are  evidences  of  elaborate  and  conscientious  work,  and  any 
one  who  masters  the  varied  contents  of  this  dictionary  will  not  be  far  off  the 
attainment  of  the  complete  art  of  '  writing  the  English  language  with  pro- 
priety,' in  the  matter  of  orthography  at  any  laXe."— Belfast  Northern  Whig. 

•'A  full  and  complete  etymological  and  explanatory  dictionary  of  the  English 
language.  .  .  .  We  have  not  space  to  describe  all  its  excellences,  or  to  point 
out  in  detail  how  it  differs  from  other  lexicons ;  but  we  cannot  with  justice 
omit  mentioning  some  of  its  more  8trikin>;  peculiarities.  In  the  first  place,  it 
is  comprehensive,  including  not  only  all  the  words  recognised  by  the  best 
authorities  as  sterling  old  English,  but  all  the  new  coinages  which  have  passed 
into  general  circulation,  with  a  great  many  scientific  terms,  and  those  which 
come  under  the  designation  of  slang.  .  .  .  The  pronunciation  is  carefully  and 
clearly  marked  in  accordance  with  the  most  approved  modem  usage,  and  in 
this  respect  the  Dictionary  is  most  valuable  and  thoroughly  reliable.  As  to  the 
etymology  of  words,  it  is  exhibited  in  a  form  that  fixes  itself  upon  the  memory, 
the  root- words  showing  the  probable  origin,  of  the  English  words,  their  primary 
meaoing,  and  their  equivalents  in  other  languages.  Much  useful  information 
and  instruction  relative  to  prefixes,  postfixes,  abbreviations,  and  phrases  from 
the  Latin,  French,  and  other  languages,  &c.,  appropriately  follow  the  Diction- 
ary, which  Is  throughout  beautifully  and  most  correctly  printed." — Civil  Service 
Gazette. 

"  A  really  good  and  valuable  dictionary." — Journal  of  Education. 

"  1  am  happy  to  be  able  to  express — and  that  in  the  strongest  terms  of  com- 
mendation— my  opinion  of  the  merits  of  this  Dictionary.  Considering  the  ex- 
tensive field  which  it  covers,  it  seems  to  me  a  marvel  of  painstaking  labour  and 
general  accuracy.  With  regard  to  the  scientific  and  teclinical  words  so  exten- 
sively introduced  into  it,  I  must  say,  that  in  this  respect  I  know  no  Dictionary 
that  so  satisfactorily  meets  a  real  and  widely  felt  want  in  our  literature  of  re- 
ference. I  have  compared  it  with  the  large  and  costly  works  of  Latham, 
Wedgwood,  and  others,  and  find  that  in  the  fulness  of  its  details,  and  the 
clearness  of  its  definitions,  it  holds  its  own  even  against  them.  The  etymology 
has  been  treated  throughout  with  much  intelligence,  the  most  distinguished 
authorities,  and  the  most  recent  discoveries  in  phUological  science,  having  been 
laid  under  careful  contribution." — Richard  D.  Graham,  Esq.,  English  Master, 
College  for  Daughters  of  Ministers  of  the  Church  of  Scotland  and  of  Professors  in 
the  Scottish  Universities. 


SCHOOL  ETYMOLOGICAL  DICTIONARY. 

"This  Dictionary,  which  contains  every  word  in  ordinary  use,  is  followed  up  by 
a  carefully  prepared  list  of  prefixes  and  postfixes,  with  illustrative  examples,  and 
a  vocabulary  of  Latin,  Greek,  and  other  root-words,  followed  by  derived  English 
words.  It  wU  be  obvious  to  every  experienced  teacher  that  these  lists  may 
be  made  available  in  many  ways  for  imparting  a  sound  knowledge  of  the  English 
language,  and  for  helping  unfortunate  pupils  over  the  terrible  difficulties  of  out 
unsystematic  and  stubborn  orthography.  We  think  this  volume  will  be  a  valu- 
able addition  to  the  pupil's  store  of  books,  and,  if  rightly  used,  will  prove  a  safe 
and  suggestive  guide  to  a  sound  and  thorough  knowledge  of  his  native  tongue." 
— The  Schoolmaster. 

"  Mr  Stormonth,  in  this  admirable  word-book,  has  provided  the  means  of 
carrjing  out  our  principle  in  the  higher  classes,  and  of  correcting  all  the  in- 
exactness and  want  of  completeness  to  which  the  English  student  of  English 
is  liable.  His  book  is  an  etymological  dictionary  curtailed  ami  condensed.  .  .  . 
The  pronunciation  is  indicated  by  a  neat  system  of  symbols,  easily  mastered 
at  the  outset,  and  indeed  pretty  nearly  speaking  for  themselves.'  —School  Board 
Chronicle. 
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>i3tr^rtii;<cv  Seventh  Thousand. 

'      V      New  Edition,  thoroughly  revised  and  brought  down  to  the  present  time. 
V*"^^*^  MANUAL    OF   MODERN   GEOGRAPHY:  Mathemati- 

-rfttf  CAL,  Physical,  and  Political;  on  a  new  jjlan,  embracing  a  com- 

«-CCL«i- .  vletQ  development  of  the  River  Systems  of  the  Globe.     By  the 

k.  jj^,  .  Rev.  Alexander  Mackay,  LL.D,,  F.R.G.S.    Revised  to  date  of 

iZ.-'T'  "  publication.    Crown  8vo,  pp.  688.    7s.  6d. 

^  "^^^  volimie — the  result  of  many  years'  imremitting  application — is 

■"  •-       Bpecially  adapted  for  the  use  of  Teachers,  Advanced  Classes,  Candidates 
for  the  Civil  Service,  and  proficients  in  geography  generally. 

In  this  edition  the  entire  work  has  been  subjected  to  another 
thorough  revision.   All  political  changes  are  carefully  represented  ;  the 
,  .."v^v.vj^^«  .c-     social,  industrial,  and  commercial  statistics  of  all  countries  are  brought 
'  '"^  .,  ^ down  to  the  latest  dates  ;  and  the  rapid  progress  of  geographical  dis- 
covery is  duly  notified.    In  short,  no  pains  have  been  spared  to  render 
the  work  wholly  reliable  in  every  department. 

^  Forty-Second  Thousand. 

.  ^^-^     ■    ELEMENTS  OF  MODERN  GEOGRAPHY.   By  the  Same. 

'  Revised  to  the  present  time.    Crown  8vo,  pp.  300.  3s. 

U^f*^t^  -  'Elements'  form  a  careful  condensation  of  thb  'Manual,'  the 

■  I)  ■^>'--'  -'^  order  of  arrangement  being  the  same,  the  river-systems  of  the  globe 

jtc/^jt  ^  '  ^  <^  playing  the  same  conspicuous  part,  the  pronunciation  being  given,  and 

the  results  of  the  latest  census  being  uniformly  exhibited.  This  volume 
is  now  extensively  introduced  into  many  of  the  best  schools  in  the 
kingdom. 

One  Hundred  and  ITinth  Thousand. 
OUTLINES  OF  MODERN  GEOGRAPHY.    By  the  Same. 

U  -i'."'  ,  Revised  to  the  present  time.    18mo,  pp.  112.  Is. 

55^-vV>A.i^  These  *  Outlines ' — in  many  respects  an  epitome  of  the  'Elements' — 

are  carefully  prepared  to  meet  the  wants  of  beginners.  The  arrange- 
ment is  the  same  as  in  the  Author's  larger  works.  Minute  details  are 
avoided,  the  broad  outlines  are  graphically  presented,  the  accentua- 
tion marked,  and  the  most  recent  changes  in  political  geography  ex- 
hibited. 

Fifth  Edition,  Prevised. 
'  '  THE  INTERMEDIATE  GEOGRAPHY.     Intended  as  an 

Intermediate  Book  between  the  Author's  '  Outlines  of  Geography' 
y>A^^CtcN  ™^  'Elements  of  Geography.'    By- the  Same.    New  Edition,  to 

k    f         o  which  is  appended  an  abridgment  of  'Scripture  Geography.' 

^  "     '  Crown  8vo,  pp.  244.  2s. 

Sixty-Ninth  Thousand. 

FIRST  STEPS  IN  GEOGRAPHY.   By  the  Same.  Revised 

to  the  present  time.    18mo,  pp.  56.    Sewed,  4d.    In  cloth,  6d. 
GEOGRAPHY  OF  THE  BRITISH  EMPIRE.      By  the 
Same.  3d. 

ELEMENTS    OF    PHYSIOGRAPHY.      By  the  Same. 

.  -Ninth  Thousand.    &e  yoije  U.  ^  O^V^  <s 
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OPINIONS  OF  DR  MACKAY'S  GEOGRAPHICAL  SERIES. 


Annual  Address  of  the  President  of  the  Royal  Geogp-aphical  Society. 
~We  must  admire  the  ability  and  persevering  research  with  which  he  has 
succeeded  in  imparting  to  his  '  JIanual '  so  much  freshness  and  originality. 
In  no  respect  is  this  character  more  apparent  than  in  the  plan  of  arrangement, 
by  which  the  author  commences  his  description  of  the  physical  geography  of 
each  tract  by  a  sketch  of  its  true  basis  or  geological  structure.  It  is,  indeed, 
a  most  useful  school-book  in  opening  out  geographical  knowledge. 

Saturday  Review.— It  contains  a  prodigious  array  of  geographical  facts, 
and  will  be  found  useful  for  reference. 

English  Journal  of  Education.— Of  all  the  Manuals  on  Geography  that 
have  come  under  our  notice,  we  place  the  one  whose  title  is  given  above  in  the 
first  rank.  For  fulness  of  information,  for  knowledge  of  method  in  arrange- 
ment, for  the  manner  in  which  the  details  are  handled,  we  know  of  no  work 
that  can,  in  these  respects,  compete  with  Mr  Mackay's  Manual. 

A.  KEITH  JOHNSTON,  LL.D.,  F.R.S.E.,  F.R.G.S.,  H.M.  Geographer 
for  Scotland,  Author  of  the  '  Royal  Atlas,'  &c.,  &c.— There  is  no  work 
of  the  kind  in  this  or  any  other  language,  known  to  me,  which  comes  so  near 
my  ideal  of  perfection  in  a  school-book,  on  the  important  subject  of  which  it 
treats.  In  arrangement,  style,  selection  of  matter,  clearness,  and  thorough 
accuracy  of  statement,  it  is  wthout  a  rival ;  and  knowing,  as  I  do,  the  vast 
amount  of  labour  and  research  you  bestowed  on  its  production,  I  tnist  it  wUl 
be  so  appreciated  as  to  insure,  by  an  extensivs  sale,  a  well-merited  reward. 

G.  BICKERTON,  Esq.,  Edinburgh  Institution.— I  have  been  led  to  form 
a  very  high  opinion  of  Mackay's  '  Manual  of  Geography '  and  '  Elements  of  Geo- 
graphy,' partly  from  a  careful  examination  of  them,  and  partly  from  my  expe- 
rience of  the  latter  as  a  text-book  in  the  Edinburgh  Institution.  One  of 
their  most  valuable  features  is  the  elaborate  Table  of  River-Basins  and  Tovnis, 
which  is  given  in  addition  to  the  ordinary  Province  or  County  list,  so  that  a 
good  idea  may  be  obtained  by  the  pupil  of  the  natural  as  well  as  the  political 
relationship  of  the  towns  in  each  country.  On  all  matters  connected  with 
Physical  Geography,  Ethnography,  Government,  &c.,  the  information  is  full, 
accurate,  and  well  digested.  They  are  books  that  can  be  strongly  recommended 
to  the  student  of  geography. 

RICHARD  D.  GRAHAM,  English  Master,  College  for  Daughters  of 
Ministers  of  the  Church  of  Scotland  and  of  Professors  in  the  Scottish 
Universities.- No  work  with  which  I  am  acquainted  so  amply  fulfils  the  con- 
ditions of  a  perfect  text-book  on  the  important  subject  of  which  it  treats,  as  Dr 
Mackay's  'Elements  of  Modem  Geography.'  In  fulness  and  accuracy  of  de- 
tails, in  the  scientific  grouping  of  facts,  combined  with  clearness  and  simplicity 
of  statement,  it  stands  alone,  and  leaves  almost  nothing  to  be  desired  in  the 
way  of  improvement.  Eminently  fitted,  by  reason  of  this  exceptional  variety 
and  thoroughness,  to  meet  all  the  requirements  of  higher  education,  it  is  never 
without  a  Uving  interest,  which  adapts  it  to  the  intelligence  of  ordinary  pupils. 
It  is  not  the  least  of  its  merits  that  its  information  is  abreast  of  all  the  latest 
developments  in  geographical  science,  accurately  exhibiting  both  the  recent 
political  and  territorial  changes  in  Europe,  and  the  many  important  results  of 
modem  travel  and  research. 


Spectator.— The  best  Geography  we  have  ever  met  with. 
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HISTORICAL  READING-BOOKS. 


EPITOME  OF  ALISON'S  HISTOKY  OF  EUROPE,  for 

TH13  usji  OP  Schools.  Sixteenth  Edition.  Post  8vo,  pp.  604. 
7s.  6(1.,  bound  in  leather.    Atlas  to  ditto,  78. 

THE  EIGHTEEN  CHRISTIAN  CENTURIES.    By  the 

Rev.  James  White,  Author  of  '  The  History  of  France.'  Seventh 
Edition,  post  8vo,  with  Index.  6s. 
"  He  goes  to  work  upon  the  only  true  principle,  and  produces  a  picture  that 
at  once  satisfies  truth,  arrests  the  memory,  and  fills  the  imagination.    It  will 
be  difficult  to  lay  hands  on  any  book  of  the  kind  more  useful  and  more  enter- 
taining."— Tivies. 

HISTORY  OF  FRANCE,  from  the  Earliest  Times.   By  the 

Same.    Fifth  Edition,  post  8vo,  with  Index.  6s. 

HISTORY  OF  INDIA :  From  the  Earliest  Period  to  the 

Close  of  the  India  Company's  Government,  with  an  Epitomb 
OF  Subsequent  Events.  Abridged  from  the  Author's  larger 
Work.  By  John  Clark  Marshman,  C.S.I.  Crown  Svo,  pp.  568. 
6s.  6d. 

"  '  There  is  only  one  History  of  India,  and  that  is  Marshman's,'  exclaimed  a 
critic  when  the  original  three-volume  edition  of  tliis  book  appeared  some  years 
ago.  He  had  read  them  all,  and  a  whole  library  of  books  referring  to  periods 
of  the  history,  and  this  was  his  conclusion.  It  is  a  wise  and  a  just  verdict."— 
Daily  Review. 

THE  LIFE  AND  LABOURS  OF  THE  APOSTLE  PAUL. 

A  Continuous  Narrative  for  Schools  and  Bible-Classes.  By  Charles 
Michie,  M.A.  Second  Edition  Revised  and  Enlarged.  Fcap. 
8vo,  cloth.  Is. 

"A  succinct,  yet  clear  and  comprehensive,  view  of  the  life  and  labours 
of  the  great  Apostle.  The  story  of  Paul's  life,  so  replete  with  sphit-stirring 
incidents,  is  told  in  a  manner  extremely  well  fitted  to  arrest  the  attention  of 
advanced  pupils,  and  we  can  with  confidence  commend  this  little  work  as  an 
admirable  text-book  for  Bible-clsLSses."— National  Educational  Gazette. 


ENGLISH  PROSE  COMPOSITION  ;  A  Practical  Manual 

for  Use  in  Schools.    By  James  Currie,  M.A.,  Principal  of 
the  Church  of  Scotland  Training  CoUege,  Edinburgh,  Twenty- 
Seventh  Thousand.    Is.  6d. 
"  We  do  not  remember  having  seen  a  work  so  completely  to  our  minds  as  this, 
which  combines  sound  theory  with  judicious  practice.    Proceeding  step  by 
step,  it  advances  from  the  formation  of  the  shortest  sentences  to  the  composi- 
tion of  complete  essays,  the  pupil  being  everjnvhere  furnished  with  all  needful 
assistance  in  the  way  of  models  and  hints.    Nobody  can  work  through  such  a 
book  as  this  without  thoroughly  understanding  the  structure  of  sentences, 
and  acquiring  facility  in  arranging  and  expressing  his  thoughts  appropriately. 
It  ought  to  be  extensively  used."— Athenceum. 

A  MANUAL  OF   ENGLISH   PROSE  LITERATURE, 

Biographical  and  Critical :  designed  mainly  to  show  characteristics 
of  stylo.    By  W.  MiNTO,  M.A.    Crown  Svo.    10s.  6d. 
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CLASSICAL  TEXT-BOOKS. 


ADITUS  PACILIOEES  :  An  Easy  Latin  Construing  Book, 

with  Complete  Vocabulary.  By  A.  W.  Potts,  M.A.,  LL.D., 
Head-Master  of  the  Fettes  College,  Edinburgh,  and  sometime 
Fellow  of  St  John's  College,  Cambridge  ;  and  the  Rev.  C.  Darnell, 
M. A.,  Head-Master  of  Cargilfield  Preparatory  School,  Edinburgh, 
and  late  Scholar  of  Pembroke  and  Downing  Colleges,  Cambridge. 
Fourth  Edition.  Fcap.  8vo.    3s.  6d. 

ADITUS  FACILIORES  GRAECI.  An  Easy  Greek  Con- 
struing Book,  with  Complete  Vocabulary.  By  the  Same  Authors. 
Fcap.  8vo.  3s. 

A  PARALLEL  SYNTAX.    Greek  and  Latin  for  Beginners, 

with  Exercises  and  a  Greek  Vocabulary.  By  the  Rev.  Herbert 
W.  Sneyd-Ktntnerslet,  LL.M.,  Trin.  Coll.,  Cambridge;  Head- 
Master  of  Sunninghill  House,  Ascot;  Author  of  'Greek  Verbs  for 
Beginners,'  &c.    Crown  8vo.  3s. 

OAMENARUM   FLOSCULOS  IN  USUM  FETTESIAN- 

ORUM  DECERPTOS  Notis  quibusdam  illustraverunt  A. 
GuL.  Potts,  M.A.,  LL.D.  ;  GuL.  A.  Heard,  M.A.  Second 
Edition.    Fcap.  8vo.    2s.  6d. 

PRACTICAL  RUDIMENTS  OF  THE  LATIN  LAN- 
GUAGE ;  Or,  Latin  Forms  and  English  Roots.  Comprising 
Accidence,  V'  labularies,  and  Latin-English,  English-Latin,  and 
English  derivative  Exercises,  forming  a  comjjlete  First  Latin 
Course,  both  for  English  and  Latin  Classes.  By  John  Ross,  M.  A., 
Rector  of  the  High  School  of  Arbroath.  Crown  8vo,  pp.  164.  Is.  6d. 

INTRODUCTION    TO    THE   WRITING   OF  GREEK. 

For  the  use  of  Junior  Classes.  By  Sir  D.  K.  Sandford,  A.M., 
D.C.L.    New  Edition.   Crown  8vo.   3s.  6d. 

RULES  AND  EXERCISES  IN  HOMERIC  AND  ATTIC 

GREEK ;  to  which  is  added  a  short  System  of  Greek  Prosody. 
By  the  Same.    New  Edition.    Crown  8vo.    6s.  6d. 

GREEK  EXTRACTS,  WITH  NOTES  AND  LEXICON. 

For  the  Use  of  Junior  Classes.  By  the  Same.  New  Edition. 
Crown  8vo.  6s. 


A   TREASURY   OF   THE    ENGLISH   AND  GERMAN 

LANGUAGES.  Compiled  from  the  best  Authors  and  Lexico- 
graphers in  both  Languages.  Adapted  to  the  Use  of  Schools,  Stu- 
dents, Travellers,  and  Men  of  Business  ;  and  forming  a  Companion 
to  all  German-English  Dictionaries.  By  Joseph  Cauvin,  LL.D. 
&  Ph.D.,  of  the  University  of  Gottingen,  &c.  Crown  8vo.  7s.  6d., 
nound  in  cloth. 

"  An  excellent  English-German  Dictionary,  which  supplies  a  real  want."~ 
SoXurday  lieview. 


8 


William  Blackwood  and  Sons' 


NATURAL  HISTORY. 


A   MANUAL  OF  ZOOLOGY,  for  the  Use  of  Students. 

With  a  General  Introduction  on  the  Principles  of  Zoology.  By 
Henhy  Alleyne Nicholson,  M.D.,  D.Sc.,M.A.,  Ph.D.,  F.R.S.P:., 
F.G.S.,  Professor  of  Natural  History  in  the  University  of  St 
Andrews.  Fifth  Edition,  revised  and  greatly  enlarged.  Crown 
8vo,  pp.  816,  with  394  Engravings  on  Wood.  148. 
"  It  is  the  best  manual  of  zoology  yet  published,  not  merely  In  England,  but 
In  Europe."— PaJl  Mali  Gazette. 

"The  best  treatise  on  Zoology  in  moderate  compass  that  we  possess."— 
Lancet. 

TEXT-BOOK  OF    ZOOLOGY,  for  the  Use  of  Schools. 

By  the  Same.    Second  Edition,  enlarged.    Crown  8vo,  with  188 
Engravings  on  Wood.  6s. 
"  This  capital  introduction  to  natural  history  is  illustrated  and  well  got  up 
in  every  way.    We  should  be  glad  to  see  it  generally  used  in  schools."— Jlfedi- 
cal  Press  and  Circular. 

INTRODUCTORY    TEXT -BOOK    OF    ZOOLOGY,  for 

THE  Use  op  Junior  Classes.   By  the  Same.      Third  Edition, 
revised  and  enlarged,  wdth  156  Engra\'ings.  3s. 
"  Very  suitable  for  junior  classes  in  schools.   There  is  no  reason  why  any  one 
should  not  become  acquainted  with  the  principles  of  the  science,  and  the  facts 
on  which  they  are  based,  as  set  forth  in  this  volume." — Lancet. 

"  Nothing  can  be  better  adapted  to  its  object  than  this  cheap  and  well- 
written  Introduction." — London  Qwarterly  Review. 

OUTLINES  OF  NATURAL  HISTORY,  for  Beginners; 

being  Descriptions  of  a  Progi-essive  Series  of  Zoological  Tjrpes.  By 

the  Same.    With  52  Engravings.  Is.  6d. 
"There  has  been  no  book  since  Patterson's  well  known  'Zoology  for 
Schools'  that  has  so  completely  provided  for  the  class  to  which  it  is  addressed 
as  the  capital  little  volume  by  Dr  Nicholson."— PopuZar  Science  Review. 

EXAMINATIONS  IN   NATURAL   HISTORY;  being  a 

Progressive  Series  of  Questions  adapted  to  the  Author's  Introduc- 
tory and  Advanced  Text- Books  and  the  Student's  Manual  of  Zoo- 
logy.   By  the  Same.  Is. 

INTRODUCTION    TO    THE    STUDY    OF  BIOLOGY. 

By  the  Same.    Cro^vn  8vo,  with  numerous  Engravings.  5s. 

A  MANUAL  OF  PAL.ffiONTOLOGY,  for  the  Use  of  Stu- 

DENTS.    With  a  General  Introduction  on  the  Principles  of  Palajon- 
tology.    By  the  Same.    Cro-wn  8vo,  -with  upwards  of  400  Engrav- 
ings.    153.  . 
"  This  book  will  be  found  to  be  one  of  the  best  of  guides  to  the  principles  of 
Paleontology  and  the  study  of  organic  remains."— ^(/lenrcwTft. 

THE  ANCIENT   LIFE -HISTORY   OF  THE  EARTH. 

An  Outline  of  the  Principles  and  Leading  Facts  of  Palseontological 
Science.  By  the  Same.  With  a  Glossary  and  Index,  In  crown 
8vo,  with  270  Engravings.    IDs.  6d. 
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GEOLOGY. 


Eleventli  Edition. 
INTRODUCTORY  TEXT -BOOK  OF  GEOLOGY.  By 
David  Page,  LL.D.,  Etc.,  Professor  of  Geology  in  the  Durham 
University  College  of  Physical  Science,  Newcastle,    With  Engrav- 
ings on  Wood,  and  Glossarial  Index.    2s.  6d. 
"It  has  not  iDeen  our  good  fortune  to  examine  a  text-book  on  science  of 
which  we  could  express  an  opinion  so  entirely  favourable  as  we  are  enabled  to 
do  of  Mr  Page's  little  work."— ^/Aewtsim. 

Sixth  Edition. 

ADVANCED  TEXT -BOOK  OF  GEOLOGY.  Descriptive 

AND  Industrial.  .With  Engravings,  and  Glossary  of  Scientific 
Terms.    By  the  Same.    Kevised  and  enlarged.    7s.  6d. 

"We  have  carefally  read  this  truly  satisfactory  book,  and  do  not  hesitate  to 
say  that  it  is  an  excellent  compendium  of  the  great  facts  of  Geology,  and  writ- 
ten in  a  truthful  and  philosophic  spirit." — Edinburgh  Philosophical  Journal. 

"As  a  school-book  nothing  can  match  the  Advanced  Text-Book  of  Geology 
by  Professor  Page  of  Newcastle." — Mechanics'  Magazine. 

"  We  know  of  no  introduction  containing  a  larger  amount  of  information  in 
the  same  space,  and  which  we  could  more  cordially  recommend  to  the  geologi- 
cal student" — Athencewm. 

Seventh  Edition. 

THE    GEOLOGICAL    EXAMINATOR.    A  Progressive 

Series  of  Questions,  adapted  to  the  Introductory  and  Advanced 
Text-Books  of  Geology.  Prepared  to  assist  Teachers  in  framing 
their  Examinations,  and  Students  in  testing  their  OAvn  Progress  and 
Proficiency.    By  the  Same.  9d. 

Sixth  Edition. 

THE  CRUST  OF  THE  EARTH;  A  Handy  Outline  of 
Geology.   By  the  Same.  Is. 

"  An  eminently  satisfactory  work,  giving,  in  less  than  100  pages,  an  admir- 
able outline  sketch  of  Geology,  .  .  .  forming,  if  not  a  royal  road,  at  least 
one  of  the  smoothest  we  possess,  to  an  intelligent  acquaintance  with  geolo- 
gical phenomena." — Scotsman. 

"  Of  singular  merit  for  its  rjiearness  and  trustworthy  character." — Standard. 

Thira  Edition,  Enlarged. 
GEOLOGY  FOR  GENERAL  READERS.    A   Series  of 

Popular  Sketches  in  Geology  and  Palaeontology.    By  the  Same.  6s. 
This  is  one  of  the  best  of  Mr  Page's  many  good  books.    It  is  ^v^itten  in  a 
flowing,  popular  style.    Without  illustration  or  any  extraneous  aid,  tlie  narra- 
tive must  prove  attractive  to  any  intelligent  leadei."— Geological  Magazine. 

SYNOPSES    OF    SUBJECTS    taught  in  the  Geological 

Class,  College  of  Physical  Science,  Newcastle-on-Tyne,  University 
of  Durham.    By  the  Same.    Fcap.  cloth.    2s.  6d. 

Second  Edition,  Enlarged. 
HANDBOOK  OF   GEOLOGICAL   TERMS,  GEOLOGY, 
AND  PHYSICAL  GEOGRAPHY.   By  the  Same.    73.  6d. 
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GE  OLOaY—  Continued. 

CHIPS    AND    CHAPTERS.     A  Book  for  Amateurs  and 

Young  Geologists.    By  David  Page,  LL.D.,  Etc.  5s. 

THE  PHILOSOPHY  OF  QEOLOOY.     A  Brief  Review  of 

the  Aim,  Scope,  and  Character  of  Geological  Inquiry,  hv  the 
Same.    Fcap.  8vo.    3s.  6d.  i     J  j 

From  the  'Saturday  Review.* 
"  Pew  of  our  hand-books  of  popular  science  can  be  said  to  have  greater  or 
more  decisive  merit  than  those  of  Mr  Page  on  Geology  and  PalseoutoloKy 
They  are  clear  and  vigorous  in  style,  they  never  oppress  the  reader  with  a 
pedantic  display  of  learning,  nor  overwhelm  him  with  a  pompous  and  super- 
fluous terminology ;  and  they  have  the  happy  art  of  taking  him  straightwav 
to  tlie  face  of  nature  herself,  instead  of  leading  him  by  the  tortuous  and  bewil- 
dering paths  of  technical  system  and  artificial  classification." 


BOTANY. 

A  MANUAL  OF  BOTANY,  Anatomical  and  Physiological. 

For  the  Use  of  Students.  By  Robert  Brown,  M.A.,  Ph.D., 
F.R.G.S.    Crown  8vo,  with  numerous  Illustrations.   12s.  6d. 

"This  is  a  work  of  very  meritorious  character."— Sctentift;  and  Literary 
Review. 

"We  have  no  hesitation  in  recommending  this  volume  to  our  readers  as 
being  the  best  and  most  reliable  of  the  many  works  on  botany  yet  issued.  .  .  . 
His  manual  wiU,  if  we  mistake  not,  be  eagerly  consulted  and  attentivelv 
studied  by  all  those  who  take  an  interest  in  the  science  of  botany."— CiviJ 
Service  Gazette. 


A.GE,IOULTUE,E. 

CATECHISM  OF   PRACTICAL  AGRICULTURE.  By 

Henry  Stephens,  F.R.S.E.,  Author  of  the  'Book  of  the  Farm.' 
A  New  Edition.    With  Engravings.  Is. 

"Teachers  will  find  in  this  Uttle  volume  an  admirable  course  of  instruction 
in  practical  agriculture — that  is,  the  outlines  which  they  may  easily  fiU  up  ; 
and  by  following  the  hints  given  in  Mr  Stephens'  preface,  the  course  would 
scarcely  fail  to  be  quite  interesting,  as  well  as  of  great  practical  benefit. 
Landed  proprietors  and  farmers  might  with  i)ropriety  encourage  the  introduc- 
tion of  this  work  into  schools." — Aberdeen  Journal. 

PROFESSOR  JOHNSTON'S  CATECHISM  OF  AGRI- 
CULTURAL CHEMISTRY.  Seventy-hfth  thousand,  edited  by 
Professor  Voelcker.    With  Engravings.  Is. 

PROFESSOR  JOHNSTON'S  ELEMENTS  OF  AGRI- 
CULTURAL CHEMISTRY  AND  GEOLOGY.  Tenth  Edition, 
revised  and  brought  down  to  the  present  time,  by  Charles  A. 
Cameron,  M.D.,  F.R.G.S.I.,  Etc.    Foolscap.   6s.  6d. 
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PHYSICAL  GEOGRAPHY. 


INTRODUCTORY  TEXT-BOOK  OF  PHYSICAL  GEO- 
GRAPHY. With  Sketch-Maps  and  Illustrations.  By  David 
Page,  LL.D.,  Etc.,  Author  of  Text-Books  of  Geology,  Ninth 
Edition.    2s.  6d. 

"  The  divisions  of  the  subject  are  so  clearly  defined,  the  explanations  are  so 
lucid,  the  relations  of  one  portion  of  the  subject  to  another  are  so  satisfactorily 
shown,  and,  above  all,  the  bearings  of  the  allied  sciences  to  Physical  Geography 
are  brought  out  with  so  much  precision,  that  every  reader  wiU  feel  that  diffi- 
culties have  been  removed,  and  the  path  of  study  smoothed  before  him."— 
A  thencBtim. 

"Whether  as  a  school-book  or  a  manual  for  the  private  student,  this  work 
has  no  equal  in  our  Educational  literature." — Iron. 

ADVANCED  TEXT-BOOK  OF  PHYSICAL  GEOGRAPHY. 

With  Engravings.    By  the  Same.    Second  Edition.  5s. 
"  A  thoroughly  good  Text-Book  of  Physical  Geography." — Saturday  Review. 

EXAMINATIONS  ON  PHYSICAL   GEOGRAPHY.  A 

Progressive  Series  of  Questions,  adapted  to  the  Introductory  and 
Advanced  Text-Books  of  Physical  Geography.  By  the  Same. 
Third  Edition.  9d. 

ELEMENTS  OP  PHYSIOGRAPHY  AND  PHYSICAL 

GEOGRAPHY.  With  express  reference  to  the  Instructions 
recently  issued  by  the  Science  and  Art  Department.  By  the  Rev. 
Alex.  Mackay,  LL.D.,  F.R.G.S.,  Author  of  'A  Manual  of 
Modem  Geography,  Mathematical,  Physical,  and  Political,'  &c. 
With  numerous  Illustrations.    Ninth  Thousand,  pp.  150.  Is.  6d. 

COMPARATIVE  GEOGRAPHY.    By  CARL  RITTER. 

Translated  by  W.  L.  Gage.    Fcap.  3s.  6d. 


METEOROLOGY. 

INTRODUCTORY  TEXT-BOOK  OF  METEOROLOGY. 

By  Alexander  Buchan,  M.A.,  F.R.S.E.,  Secretary  of  the  Scot- 
tish Meteorological  Society,  Author  of  'Handy  Book  of  Meteor- 
ology,' &c.  Crown  8vo,  with  8  Coloured  Charts  and  other  Engrav- 
ings.  Pp.  218.  4s.  6d. 
"  A  handy  compendium  of  Meteorology  by  one  of  the  most  competent  autho- 
rities on  this  branch  of  science."— PetermaTiw's  Geographische  Mittheilmigen. 

"  We  can  recommend  it  as  a  handy,  clear,  and  scientific  introduction  to  the 
theory  of  Meteorology,  written  by  a  man  who  has  evidently  mastered  his  sub- 
ject."— Lancet. 

"An  exceedingly  useful  volume."— AtJienceum. 

HANDY  BOOK  OF  METEOROLOGY.     By  the  Same. 

Third  Edition. 

In  this  Edition  the  Charts  of  the  Distribution  of  Atmospheric  Pres- 
sure and  of  Terrestrial  Temperature  Avill  be  thoroughly  revised ;  the 
Relations  of  Temperature  to  Atmospheric  Pressure  and  Winds  will, 
with  the  aid  of  Blustrative  Charts,  be  more  fully  discussed.  Charts 
will  be  given  showing  the  Distribution  of  Rain  over  the  Continents  of 
the  Globe ;  prevailing  Winds  will  be  pointed  out ;  and  otherwise  the 
Book  will  be  revised  throughout.  [Jn  preparation 
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MATHEMATICS,  &c. 


THE  THEORY  OF  ARITHMETIC.  By  David  Munn, 
F.R.S.E.,  Mathematical  Master,  Royal  High  School  of  Edinburgh. 
Crown  8vo,  pp.  294.  5s. 

ELEMENTARY  ARITHMETIC.  By  Edward  Sang, 
F.R.S.E.  This  Treatise  is  intended  to  supply  the  great  desider- 
atum of  an  intellectual  instead  of  a  routine  course  of  instruction  in 
Arithmetic.    Post  8vo.  5s. 

THE  HIGHER  ARITHMETIC.  By  the  Same.  Being 
a  Sequel  to  '  Elementary  Arithmetic'  Crown  8vo.  5s. 

FIVE  -  PLACE  LOGARITHMS.   Arranged  by  the  Same. 

Sixpence.    For  the  Waistcoat-Pocket. 

TREATISE  ON  ARITHMETIC,  with  numerous  Exercises 

for  Teaching  in  Classes.  By  James  Watson,  one  of  the  blasters 
of-Heriot's  Hospital.    Foolscap.  Is. 

PRIMER  OF  GEOMETRY.    An  Easy  Introduction  to  the 

Propositions  of  Euclid.  By  Francis  CnTHBEHTSON,  M.A. ,  LL.D., 
late  Fellow  of  Corpus  Christi  College,  Cambridgfe ;  Head  Mathe- 
matical Master  of  the  City  of  London  School.    Is.  6d. 

"  The  selection  is  most  judicious,  and  we  believe  the  plan  will  be  success- 
ful."—Spectator. 

A  GLOSSARY  OF  NAVIGATION.  Containing  the  De- 
finitions and  Propositions  of  the  Science,  Explanation  of  Terms, 
and  Description  of  Instruments.  By  the  Rev.  J.  B.  Harbord, 
M.A.,  Assistant  Director  of  Education,  Admiralty.  Crown  8vo, 
Illustrated  with  Diagrams.  6s. 

DEFINITIONS   AND   DIAGRAMS   IN  ASTRONOMY 

AND  NAVIGATION.    By  the  Same.    Is.  6d. 

ELEMENTARY  HAND-BOOK  OF  PHYSICS.   With  210 

Diagrams.  By  William  Rossiter,  F.R.A.S.,  &c.  Crown  8vo, 
pp.  390.  5s. 

"A  singularly  interesting  Treatise  on  Physics,  founded  on  facts  and 
phenomena  gained  at  first  hand  hy  the  Author,  and  expounded  in  a  style 
which  is  a  model  of  that  simplicity  and  ease  in  writing  which  betokens  mas- 
tery of  the  subject.  To  those  who  require  a  non-mathematical  exposition  of 
the  principles  of  Physics,  a  better  book  cannot  be  recommended."-  Pall  Mall 
Gazette. 
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MENTAL  PHILOSOPHY. 


Sixth  Edition. 

LECTUEES  ON  METAPHYSICS.     By  Sir  WILLIAM 

HAMILTON,  Bart.,  Professor  of  Logic  and  Metaphysics  ir.  the 
University  of  Edinburgh.  Edited  by  the  Very  Kev,  H.  L.  Man- 
sell,  LL.D.,  Dean  of  St  Paul's,  and  John  Veitoh,  M.A.,  Professor 
of  Logic  and  Khetoric,  Glasgow.    2  vols.  8vo.  24s. 

Third  Edition. 

LECTUEES  ON  LOGIC.    By  Sir  WILLIAM  HAMIL- 

TON,  Bart.    Edited  by  the  Same.    2  vols.  8vo.  24s. 

Third  Edition. 

DISCUSSIONS  ON  PHILOSOPHY  AND  LITEEATUEE, 

EDUCATION  AND  UNIVERSITY  REFORM,  By  Sir  Wil- 
liam Hamilton,  Bart.   8vo.  21s. 

New  Edition. 

PHILOSOPHICAL  WOEKS    OP    THE  LATE  JAMES 

FREDERICK  FERRIER,  B.A.,  Oxon.,  LL.D.,  Professor  of  Moral 
Philosophy  and  Political  Economy  in  the  University  of  St 
Andrews.    3  vols,  crown  8vo.   34s.  6d. 

The  following  are  sold  Separately : — 

INSTITUTES  OP  METAPHYSIC.    Third  Edition.    10s.  6d. 

LECTURES  ON  THE  EARLY  GREEK  PHILOSOPHY.  Sec- 
ond Edition.    10s.  6d. 

PHILOSOPHICAL  REMAINS,  includinq  the  Lectures  on 
Eaelt  Greek  Philosophy.  Edited  by  Sir  Alex.  Grant, 
Bart.,  D.C.L.,  and  Professor  Lushinqton.    2  vols.  24s. 

Eighth  Edition. 

POET  EOYAL  LOGIC.     Translated  from  the  Trench: 

with  Introduction,  Notes,  and  Appendix.  By  Thomas  Spencer 
Batnes,  LL.D.,  Professor  of  Logic  and  English  Literature  in  the 
University  of  St  Andrews.    12mo.  4s. 

Sixth  Edition. 

METHOD,   MEDITATIONS,    AND   PEINOIPLES  OF 

PHILOSOPHY  OF  DESCARTES.  Translated  from  the  original 
French  and  Latin.  With  a  New  Introductory  Essay,  Historical 
and  Critical,  on  the  Cartesian  Philosophy.  By  John  Veitoh, 
LL.D.,  Professor  of  Logic  and  Rhetoric  in  the  University  of 
C^lasgow-  [/ft  the  press. 

THE  PHILOSOPHY  OF  HISTOEY  IN  EUEOPE.  Vol 
L,  contaming  the  History  of  that  Philosophy  in  France  and  GerI 
MANY.  By  Robert  Flint,  D.D.,  LL.D.,  Professor  of  Divinity  in 
the  University  of  Edinburgh.    8vo.  15s. 

A    SCIENCE  PRIMER. 

^^vTcAR  ?L  °?  TmNGS.    By  JOHN  G.  MAC 

LL.D.,  D.D.    Crown  8vo,  with  illustrations.   3s.  6d. 
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AwciEWT  Classics  for  English  Readers, 

Edited  by  the  Rev.  W.  LUCAS  COLLINS,  M.A. 

In  20  vols.,  price  2s.  6d.  each,  in  clotli  (sold  separately) ;  or  bound  In  10 
vols.,  with  calf  or  vellum  back,  for  £2,  10s. 


CON  T 

HOMER :  THE  ILIAD.  By  the  Edi- 
tor. 

HOMER:  THE  ODYSSEY.  By  the 
Editor. 

HERODOTUS.  By  G.  C.  Swayne, 
M.A. 

XEXOPHON.  By  Sir  Alexander 
Grant,  Bart. 

EURIPIDES.    By  W.  B.  Donne. 
ARISTOPHANES.    By  the  Editor. 

PLATO.    By  C.  W.  CoUins,  M.A. 
LUCIAN.    By  the  Editor. 

iESCHYLUS.  By  Reginald  S  Cop- 
leston,  D.D.  (now  Bishop  of  Col- 
ombo). 

SOPHOCLES.  By  Clifton  W.  Col- 
lins, M.A. 


E  N  T  S. 

HESIOD  AND   THEOGNW.  By 

the  Rev.  J.  Da  vies,  M.A. 
GREEK   ANTHOLOGY.    By  Lord 

Neaves. 

VIRGIL.    By  the  Editor. 
HORACE.    By  Theodore  Martin. 

JUVENAL.     By  Edward  Walford, 
M.A. 

PLAUTUS  AND  TERENCE.  By 
the  Editor. 

THE  COMMENTARIES  OF  CAESAR. 

By  Anthony  TroUope. 
TACITUS.   By  W.  B.  Donne. 

CICERO.    By  the  Editor. 
PLINY'S  LETTERS.     By  the  Rev. 

Alfred  Chuich,  M.A.,  and  the  Rev. 

W.  J.  Brodribb,  M.A. 


"  It  is  difficult  to  estimate  too  highly  the  value  of  such  a  series  as  this  in 
gi\'ing  '  English  readers  '  au  insight,  exact  as  far  as  it  goes,  into  those  olden 
times  which  are  so  remote  and  yet  to  many  of  us  so  close." — Saturday  Review. 

"  It  is  impossible  to  praise  too  highly  the  conception  and  execution  of  this 
series  of  the  Classics.  They  are  a  kind  of  'Bibhotheca  Classicorum'  for 
unlearned  readers,  but  executed  by  men  of  the  most  accomplished  scholar- 
ship, and  therefore  conveying  the  very  colour  and  tone  of  the  authors.  They 
wUI  be  as  pleasant  to  scholars  as  they  are  valuable  to  those  who  know 
only  their  mother  tongue." — British  Qtuxrterly  Review. 

"  A  aeries  which  has  done  and  is  doing  so  much  towards  spreading,  among 
Bhiglishmen  intelligent  and  appreciative  views  of  the  chief  classical  authors." 
— Standard. 

"  We  gladly  avail  ourselves  of  this  opportunity  to  recommend  the  other 
volumes  of  this  useful  series,  most  of  which  are  executed  with  discriminatiou 
and  ability." — Quarterly  Review. 
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SUPPLEMENTARY  SERIES 

OF  THE 

ANCIENT  CLASSICS  FOR  ENGLISH  READERS. 

Edited  by  the  Eev.  W.  LUCAS  COLLIE'S,  M.A. 
Crown  8vo,  2s.  6d.  each. 


7.  LIVY.    By  the  Editor. 

"  It  could  not  possibly  be  better  done.  Within  a  very  small  compass 
there  is  not  only  a  lucid  smnmary  of  Livy's  nan-ative,  with  some  well- 
chosen  extracts  sufficient  to  give  a  notion  of  the  picturesque  and  rhe- 
torical power  which  constitutes  the  author's  chief  claim  to  immortality, 
but  also  a  fair  intimation  of  his  merits  and  demerits  as  a  historian,  and 
of  the  havoc  which  modern  criticism  has  wrought  in  the  splendid  and 
captivating  romance." — Guardian. 

IL  OVID.    By  the  Rev.  A.  Chtjkch,  M.A. 

"Mr  Church  had  a  delicate  work  to  do,  and  he  has  done  it  well.  This 
excellent  little  book  right  worthily  fills  a  vacant  niche  in  a  series  which, 
on  the  whole,  richly  merits  the  popularity  that  it  has  gained." — Spectator. 

III.  CATULLUS,   TIBULLUS,  AND  PROPERTIUS.  By 

tlie  Rev.  James  Da  vies,  M.A. 
"  It  is  indeed  a  fascinating  little  volume— one  that  will  be  readily  taken 
up  and  reluctantly  laid  down,  and  that  must  not  be  missed  by  those  who 
desire  to  make  familiar  and  loving  acquaintance  with  the  brilliant  trio 
portrayed  iu  its  pages." — Civil  Service  Gazette. 

IV.  DEMOSTHENES.    By  the  Rev.  W.  J.  Beodribb. 

"To  give  in  a  few  pages  to  the  unlearned  reader  anything  like  an 
adequate  idea  of  an  oratory  so  potent,  yet  so  subtle,  is  a  task  of  enormous 
difficulty.  It  is  one  which  Mr  Brodribb,  in  our  judgment,  has  performed 
with  singular  success.  .  .  .  Were  it  indeed  only  for  the  single  chapter  on 
'Demosthenes  at  the  Bar,'  his  volume  would  more  than  repay  the  most 
exacting  purchaser." — Graphic. 

"  Mr  Brodribb's  sketch  of  Demosthenes  brings  into  moderate  compass 
the  main  features  of  a  memorable  life,  and  that  with  great  tact,  fairness, 
and  impartiality." — Saturday  Review. 

V.  ARISTOTLE.    By  Sir  Alex.  Grant,  Bart.,  LL.D. 

"We  part  with  this  interesting  volume  with  a  just  tribute  of  praise. 
The  greatest  Aristotelian  scholar,  perhaps,  of  oui-  age  has  written  -with 
all  the  plainness  and  the  simplicity  of  a  good  teacher  of  unlearned  people. 
His  style  is  the  very  reverse  of  pedantry ;  it  is  high  learning  stooping  to 
the  faculties  of  the  unlearned ;  and  as  such  it  is  a  model  of  the  '  diffi- 
cult made  easy.' " — British  Quarterly  Review. 

VL  THUGYDIDES.    By  the  Editor. 

"Enough,  it  is  hoped,  has  been  said  of  Mr  CoUins's  'Thucydides' 
to  show  its  title  to  a  foremost  place  in  the  excellent  series  for  which 
English  readers  of  ancient  classics  have  to  thank  him." — Saturday  Review. 

VIL  LUCRETIUS.    By  W.  H.  Mallock. 

Other  Volumes  in  preparation. 
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BLACKWOOD'S 

FOREIGN  CLASSICS  FOR  ENGLISH  READERS. 

Edited  by  MRS  OLIPHANT. 
In  course  of  publication,  price  2s.  6d,  each. 


I.  DANTE.    By  the  Editor. 

Examiner. — "It  is,  for  its  size,  scope,  and  aim,  one  of  the  best  works  on 
Dante  in  English.  .  .  .  Is  an  admirably-written  short  account  of  the 
great  Florentine  poet,  such  as  will  give  those  who  have  no  time  to  study, 
or  are  about  to  begin,  his  works,  a  clear  and  comprehensive  understand- 
ing of  the  man  and  of  his  labours.  At  the  same  time  it  will  remain  a 
charmingly  readable  essay  for  those  to  whom  the  works  of  Dante  are 
familiar." 

Spectator. — ' '  On  the  whole  we  consider  Mrs  Oliphant's  to  be  exactly  the  book 
which  its  authoress  intended,  and  a  very  grateful  and  opportune  boon  to 
all  who  are  beginning  the  study  of  Dante,  as  well  as  to  the  far  larger  class 
of  readers  who,  without  having  either  time  or  energy  for  so  arduous  a 
task  as  that,  are  stiU  anxious  to  acquire  a  clear  and  (for  their  purpose) 
adequate  knowledge  of  the  genius  and  writings  of  an  author  of  whom— far 
more  truly  than  of  Montaigne — it  may  be  said  that  he  is  the  first  author 
whom  a  gentleman  is  ashamed  of  not  knowing." 

II.  VOLTAIRE.    By  Major-General  E.  B.  Hamley. 

Saturday  Review. — '  A  work  in  which  all  the  salient  points  of  a  complicated 
and  puzzling  existence  are  brought  in  a  clear  and  striking  manner  into  a 
general  view." 

Westminster  Review. — "A  bright  and  judicious  little  book,  which  gives  us 
a  clear  jjicture  of  all  that  is  most  interesting  and  most  useful  about  the 
patriarch  of  Ferney.  Col.  Hamley  has  given  a  special  charm  to  his  book 
by  writing  at  considerable  length  on  Voltaire's  visit  to  this  country  on  his 
'  Letters  on  the  English. ' " 

III.  PASCAL.     By  Principal  Tulloch. 

Pall  Mall  Gazette.— "  The  result  of  Principal  Tulloch's  labours  is  a  little 
volume  which  is  excellently  pitched  for  English  readers,  and,  avoiding 
critical  questions,  collects  into  a  charming  miniature  all  that  can  be  most 
interesting  to  them." 

IV.  PETRARCH.    By  Henry  Reeve. 

V.  GOETHE.    By  A.  Hayward,  Q.C. 

IN  PREPARATION. 

MOLIERE  By  the  Editor,  and  F.  Tarver,  M.A. 

MONTAIGNE,  ....  By  the  Rev.  W.  Lucas  Collins,  M.A. 

SCHILLER,  By  Andrew  Wilson. 


WILLIAM  BLACKWOOD  &  SONS,  Edinburgh  and  Loudon. 
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